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Appendicitis. 


the  peritoneal  cavity,  and  in  many  cases  it  is  possible 
through  this  incision  to  operate  satisfactorily.  No  fibre 
of  muscle  has  been  divided,  and  after  the  operation  the 
integrity  of  the  belly  wall  is  restored.  When  suppura- 
tion has  taken  place  outside  of  the  appendix,  and  more 
room  is  needed,  this  incision  can  be  prolonged  to  give 
sufficient  room : first,  by  separating  the  external  oblique 
fibres  over  a longer  distance,  the  skin  incision  of  course 
corresponding;  and,  secondly,  by  extending  the  (deep) 
transverse  incision  so  as  to  divide  the  anterior  and  pos- 
terior sheaths  of  the  rectus.  The  epigastric  vessels  are 
easily  seen  and  are  to  be  tied  with  two  ligatures  and  then 
divided.  The  muscle  itself  is  not  to  be  divided,  but  is  to 
be  drawn  toward  the  median  line  by  retractors.  By  ex- 
tending McBurney’s  incision,  therefore,  the  surgeon  will 
obtain  ample  room  for  further  operative  work,  except 
perhaps  in  cases  of  exceptionally  large  inflammatory 
areas  around  the  appendix.  The  fascia  under  the  trans- 
versalis  and  the  peritoneum  are  to  be  opened  to  an  ex- 
tent justified  by  the  necessities  of  the  case.  Should  there 
exist  a periappendicular  abscess  in  front  of  the  caecum, 
the  connective  tissue  outside  of  the  peritoneum  under 
the  transversalis  will  be  cedematous,  and  if  the  inflam- 
mation be  great,  cedematous  connective  tissue  will  be 
noticed  as  soon  as  the  tendon  of  the  external  oblique 
muscle  is  divided.  When  the  inflammation  is  confined 
to  the  appendix,  one  or  two  fingers  put  through  the  peri- 
toneal incision  will  enable  the  operator  to  hook  up  the 
appendix,  which  can  be  drawn  into  the  wound  and  re- 
moved. There  is  no  necessity  for  making  a very  small 
incision.  If  the  excellent  advice  of  McBurney  in  regard 
to  separating,  rather  than  cutting  across,  muscular  fibre 
has  been  followed,  the  integrity  of  the  abdominal  wall  is 
assured  after  operation. 

I find  the  removal  of  the  appendix  is  best  done  as  fol- 
lows; After  it  has  been  drawn  into  the  wound,  the  peri- 
toneal cavity  is  to  be  walled  off  by  gauze  and  the  meso- 
appendix  tied  off,  if  voluminous,  in  segments;  if  not 
voluminous,  by  a single  silk  ligature.  The  peritoneal 
and  muscular,  coats  of  the  appendix  are  next  to  be  cut 
circularly  at  a distance  of  about  one-fourth  of  an  inch 
from  the  caecum,  but  the  incision  is  not  to  be  extended 
through  the  mucous  membrane.  The  muscular  and 
peritoneal  tissues  are  then  pushed  back,  away  from  the 
mucous  membrane,  until  the  caecum  is  reached.  An  as- 
sistant should  now  grasp  this  denuded  cylindrical  tube 
of  mucous  membrane  by  means  of  two  slender  artery 
forceps,  while  the  surgeon  makes  the  dividing  incision 
between  the  forceps.  The  free  appendix  is  then  to  be 
removed,  and  the  proximal  end,  close  to  the  caecum,  well 
touched  with  pure  carbolic  acid.  The  operator  may  tie 
the  appendix  stump,  if  lie  feels  inclined,  but  patients 
seem  to  do  as  well  without  such  tying  as  with  it.  The 
stump  of  the  appendix  is  to  be  turned  into  the  caecum, 
and  the  peritoneal  surfaces  of  the  appendix  cuff  are  to 
be  brought  together  by  means  of  a Lembert  suture, 
thereby  invaginating  the  stump.  If  there  is  any  doubt 
as  to  what  is  the  condition  of  affairs,  the  operator  may 
pass  a probe  into  the  caecum  after  removal  of  the  artery 
forceps  from  the  mucous  membrane  of  the  appendix,  but 
this,  it  seems  to  me,  is  needless.  The  wall  of  the  caecum 
having  been  united  over  the  invaginated  appendix  stump, 
the  same  Lembert  suture  is  to  be  employed  in  closing  in 
the^tump  of  the  meso-appendix.  Nothing  but  perito- 
neum is  then  visible.  The  operator  may  apply  addi- 
tional sutures  to  the  peritoneal  surface,  if  he  feels  so  in- 
clined. As  a rule  it  is  my  custom  to  do  this.  The 
wound  is  cleaned  and  wiped  with  gauze,  and  the  gut  is 
pushed  back  into  the  abdominal  cavity.  The  peritoneum 
is  then  sutured  with  fine  silk,  and  the  two  layers  of  mus- 
cle are  united  separately  with  silver  wire  or  other  ma- 
terial, as  the  operator  prefers.  Finally,  the  skin  edges 
are  brought  together.  Silkworm  gut  or  silver  is  my 
preference  here.  When  a periappendicular  abscess  ex- 
ists, and  I find  it  necessary  to  drain  the  cavity,  I bring 
the  ends  of  the  gauze  to  the  surface  for  drainage,  and  I 
close  the  edges  of  the  wound  lightly  with  layers  of  re- 
movable sutures;  for  when  drainage  is  employed,  my 


buried  sutures  are  apt  to  become  infected  and  to  give 
trouble,  as  drainage  precludes  absolute  cleanliness.  If 
the  appendix  is  swollen  and  stiff  and  cannot  be  invagi- 
nated, it  is  a good  plan  to  tie  a string  around  the  base, 
to  cutoff  that  part  of  the  appendix  which  is  distal  to  the 
string,  and  then  to  leave  the  string  to  come  away  with 
the  gauze  packing  with  which  the  abscess  cavity  is:  light- 
ly filled. 

It  is  very  comfortable  for  the  operator  to  know  that 
the  appendix  has  been  removed  and  that  that  source 
of  trouble  is  eliminated  from  consideration.  Whenever, 
therefore,  it  is  possible  to  do  so,  the  appendix  is  to  be 
taken  away.  But  it  cannot  be  done  in  a certain  number 
of  cases  without  serious  danger  to  the  patient  ; hence  in 
such  cases  it  must  be  left.  Sometimes  no  trouble  is  ever 
experienced  from  an  appendix  which  has  not  been  seen ; 
but  in  other  cases  it  may  be  necessary  to  do  a second 
operation  for  the  removal  of  thp  appendix.  An  operation 
is  incomplete  without  the  removal  of  the  appendix,  but 
the  incompleteness  of  the  operation  is  less  dangerous 
than  is  the  search  for  the  appendix  and  the  consequent 
tearing  up  of  adhesions,  with  possible  general  infection. 

A second  operation  is  undertaken  when  the  inflamma- 
tory area  is  in  a quiescent  state.  Secondary  operations 
and  those  undertaken  for  chronic  appendicitis  arc  very 
successful.  When  general  septic  peritonitis  is  present, 
free  opening  of  the  belly  is  necessary,  for  the  preserva- 
tion of  life  takes  precedence  of  every  other  consideration. 
Hence  the  opening  into  the  belly  will  be  effected  by  an 
incision  sufficiently  long  to  enable  the  operator  to  reach 
all  the  seat  of  disease.  Pus  and  faces  are  to  be  evacu- 
ated; the  whole  peritoneal  cavity  is  to  be  carefully 
cleaned,  dry  gauze  or  gauze  wrung  out  in  hot  salt  solu- 
tion being  used  for  the  purpose;  any  lymph  that  may 
be  present  should  be  removed  when  possible;  and  it  may 
be  thought  best  (although  I have  not  done  it.;  to  wash 
out  the  peritoneal  cavity.  Hot  salt  solution  of  course 
will  be  employed  for  this  purpose.  I think  I have  had 
as  good  results  by  using  dry  gauze,  or  gauze  wrung  out, 
as  stated  already,  in  hot  salt  solution.  The  places  where 
pus  must  be  sought  for  and  removed  are  the  following: 
the  outer  side  of  the  ascending  colon,  below  the  liver, 
the  pelvic  cavity,  the  side  of  the  rectum,  and  between 
the  folds  of  the  small  intestine.  If  necessary,  the  intes- 
tines are  to  be  taken  from  the  belly  cavity,  wiped  and 
cleaned  outside,  but  much  shock  follows  such  eviscera- 
tion. The  pelvis  is  the  region  which  specially  requires 
to  be  examined  and  cleaned.  After  the  peritoneum  has 
been  cleaned,  I think  the  recovery  of  the  patient  is  aided 
by  laying  large  strands  of  gauze  in  every  direction  in 
the  abdomen,  as  has  been  already  referred  to.  The 
edges  of  the  incision  are  to  be  left  wide  open.  There  is 
scarcely  a limit  to  the  number  of  strands  of  gauze  which 
a general  peritoneal  infection  may  call  for.  It  may  be 
wise  in  some  cases,  in  order  to  provide  more  direct  drain- 
age, to  make  an  opening  at  the  back  of  the  belly  through 
the  lumbar  region. 

In  general  septic  peritonitis  the  bowels  usually  refuse 
to  act,  and,  when  this  is  the  case,  it  may  be  well,  as  was 
first  suggested  by  Dr.  McG'osh,  of  New  York,  to  inject 
into  the  upper  part  of  the  small  intestine,  before  the  ab- 
domen is  closed,  a couple  of  ounces  of  Rochelle  salts  dis- 
solved in  water.  In  order  to  accomplish  this  it  will  be 
necessary  first  to  pass  a small  cannula  through  the  intes- 
tinal wall.  Then,  after  all  the  solution  has  been  injected, 
the  hole  made  by  the  cannula  can  be  closed  by  a single 
Lembert’s  suture. 

Operation  for  Chronic  Appendicitis. — The  best  time  for 
operating,  in  a case  of  recurrent  attacks  of  appendicitis, 
is  during  the  interval  between  two  attacks,  say  two  or 
three  weeksafter  the  subsidence  of  the  first  of  these  two, 
provided  it  has  not  been  an  attack  of  unusual  severity. 
In  the  latter  case  the  operation  should  be  deferred  for  a 
somewhat  longer  period.  The  reason  why  an  operation 
should  not  be  done  sooner  is  that  sufficient  time  must  be 
allowed  to  elapse  in  order  that  any  periappendicular 
lymph  may  be  absorbed,  that  any  pus  that  may  have 
collected  within  the  appendix  may  have  time  to  escape 
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into  the  caecum,  and  finally  that  any  remaining  inflam- 
mation may  subside  completely  before  the  abdomen  is 
opened.  It  is  interesting  to  note  that  when  inflammation 
has  been  excessive,  an  operation  undertaken  a number  of 
weeks  afterward  will  find  the  adhesions  thin  and  weak. 
It  may  be  expedient  to  wait  even  longer,  but  such  a 
waiting  should  be  permitted  only  when  the  patient  is 
directly  under  the  eye  of  the  surgeon,  who  can  intervene 
at  any  moment,  should  another  attack  occur. 

As  the  steps  of  the  operation  have  already  been  de- 
scribed, it  will  not  be  necessary  to  go  over  this  ground  a 
second  time.  I will  simply  add  that  in  these  chronic 
cases,  especially  if  the  inflammatory  attacks  have  been  of 
a somewhat  severe  character,  it  is  often  a difficult  matter 
to  find  the  appendix,  or,  if  we  do  find  it,  to  recognize  at 
what  point  its  free  end  lies.  In  such  cases,  the  shortest 
way  is  probably  to  divide  the  appendix  across,  between 
two  pairs  of  artery  forceps,  and  then  to  work  each  end 
free  from  adhesions.  In  this  way  there  will  be  no  special 
difficulty  in  reaching  the  point  where  the  appendix 
springs  from  the  caecum.  Whenever  this  can  be  done 
we  should  cover  raw  surfaces  over  with  peritoneum. 

L.  McLane  Tiffany. 

APYONIM.— This  is  a yellow,  crystalline  powder,  in- 
troduced as  a substitute  for  auromine  (yellow  pyoktanin) 
in  ophthalmic  practice.  It  is  slightly  soluble  in  water, 
freely  so  in  alcohol,  and  it  is  used  in  one-per-cent,  aque- 
ous solution  as  an  antiseptic  and  stimulant  in  conjunc- 
tival disease,  and  in  purulent  keratitis. 

IF.  A.  Bastedo. 

AQUIFOLIACE/E  or  ILICINE/E. — (The  Ilex  or  Holly 
family.)  A family  of  three  genera  and  some  two  hun- 
dred species,  chiefly  of  North  and  South  America.  It  is 
chiefly  notable  for  the  presence  of  an  appreciable  amount 
of  caffeine  in  the  leaves  of  at  least  two  species,  on  ac- 
count of  which  they  have  been  used  as  beverages  (see 
Mate  and  Cassine).  Other  species  have  been  used  as  bitter 
tonics  and  alteratives  (see  Alder,  Black,  and  Holly). 

II.  II.  Busby. 

ARACE/E  or  AROIDE/E. — (The  Arum  family.)  Alarge 
family,  of  more  than  one  hundred  genera,  growing  mostly 
in  the  tropics  of  both  hemispheres.  Many  species,  as 
the  cultivated  calla,  are  highly  ornamental.  Calocasia 
produces  an  important  starch-yielding  conn,  monstera, 
an  edible  fruit.  Many  of  the  tropical  species  are  known 
as  poisons,  but  their  constituents  and  actions  are  little 
known.  It  is  remarkable  that  a few  northern  species  in 
the  genera  spathyema,  acorus,  arum,  and  arismma,  should 
represent  about  all  the  medicinal  contributions  of  the 
family,  and  more  active  agents  may  be  expected  to  be 
made  known  in  it  in  future.  II.  II.  Busby. 

ARACHNIDA.'* — In  the  branch  or  phylum  Arthropoda, 
characterized  by  bilateral  symmetry,  by  metameric  seg- 
mentation of  a heteronomous  type,  and  by  the  possession 
of  jointed  appendages,  typically  a single  pair  for  each 
metamere  of  the  body,  may  be  distinguished  five  great 
groups:  the  Crustacea,  including  crabs,  lobsters,  water 
fleas,  etc. ; the  Onycliophora,  including  but  a single 
genus,  Peripatus;  the  Myriapoda,  including  millipeds, 
centipeds,  etc.;  the  Insecta,  including  the  true  insects; 
and  the  Araclmida  or  Arachnoidea.  The  latter  may  be 
defined  as  air-breathing  arthropods,  characterized  by 
the  fusion  of  head  and  thorax  into  a single  region,  the 
ceplialothorax,  which  is  without  antennae,  but  blears  two 
pairs  of  appendages  more  or  less  closely  connected  with 
the  mouth,  and  four  pairs  of  walking  legs.  The  ab- 
domen, which  may  or  may  not  be  segmented,  is  usually 
distinct  from  the  ceplialothorax,  though  in  the  mites  it 
is  fused  with  it. 

The  class  Araclmida  is  subdivided  by  various  author- 
ities into  from  seven  to  nine  orders,  among  which  are  the 


* A general  discussion  of  parasitism  and  its  effects  will  be  found 
under  the  heading  Parasites. 


Scorpionida  or  true  scorpions,  the  Pseudoscorpionida  or 
book-scorpions,  the  Phalangida  or  “Daddy  Long-legs,” 
the  Araneida  or  true  spiders,  the  Acarida  or  mites,  and 
the  Linguatulida. 

The  true  scorpions  have  the  power  to  inflict  a painful 
wound  by  the  sting  located  at  the  tip  of  the  abdomen. 
In  the  case  of  large  tropical  species  the  effect  of  the 
sting  may  even  cause  the  death  of  small  children,  but 
only  in  the  most  exceptional  cases  does  it  seriously  affect 
an  adult.  There  is  injected  at  the  time  a quantity  of 
poison  from  a gland  in  the  last  joint  of  the  abdomen ; 
its  action  is  in  general  to  irritate  nerve  centres  while  at 
the  same  time  producing  paralysis  of  motor  nerves.  The 
sting  of  the  smaller  species  found  in  the  United  States  is 
harmless,  giving  rise  to  a slight  irritation,  which  lasts  at 
most  seven  or  eight  days.  Mr.  Herbert  H.  Smith,  the 
well-known  collector  in  South  and  Central  America  and 
the  West  Indies,  after  enumerating  symptoms  and  re- 
sults in  a number  of  carefully  observed  instances,  says : 
“Probably  death  might  result  in  some  cases,  as  (if  re- 
ports are  true)  it  does,  rarely,  from  bee  stings.  . . . My 
wife  was  stung  by  a small  one ; the  wound  was  exceed- 
ingly painful.  By  the  advice  of  a servant,  she  held  the 
finger  for  an  hour  in  hot  sweet  oil,  mixed  with  an  equal 
measure  of  laudanum.  There  was  no  swelling  and  three 
hours  after  all  pain  had  left  her.” 

Among  the  spiders  also  there  are  those  that  are  able  to 
pierce  the  human  skin  by  the  action  of  the  jaws  or 
chelicera:  which  also  contain  the  orifices  of  a pair  of 
poison  glands.  The  effect  of  a spider’s  bite  on  an  adult 
has,  however,  been  much  exaggerated;  of  itself  the 
bite  produces  at  most  a slight  dermal  swelling  which 
soon  disappears.  The  large  hairy  theraphosids,  popu- 
larly known  as  tarantulas,  are  not  to 
be  called  dangerous.  Their  bite  is 
painful,  but  the  inflammation,  though 
often  violent,  subsides  rapidly.  On 
the  other  hand,  several  cases  on  record 
of  death  from  spider’s  bite  have  been 
traced  to  a small  spider  ( Latrodectus 
mactans ) which  is  related  to  suppos- 
edly poisonous  species  in  other  coun- 
tries of  the  world,  and  it  is  not  un- 
likely that  the  spiders  of  this  genus 
secrete  a more  powerful  fluid  than 
others.  The  condition  of  the  patient, 
his  susceptibility  to  poison,  and  other 
important  facts  are  not  on  record  in 
these  cases,  and  it  may  happen  that 
the  chance  introduction  of  extraneous 
matter  through  the  bite  has  given  rise 
to  the  more  serious  and  rarely  to  the 
fatal  results  noted.  There  are  no 
spiders  in  this  country  of  which  it 
may  positively  be  affirmed  that  they 
are  venomous,  though  certain  South 
American  species  enjoy  an  evil  repu- 
tation which  is  undoubtedly  well 
founded. 

Order  Linguatulida. — The  highly 
modified  forms  included  in  this  group 
have  a certain  superficial  resemblance 
to  tapeworms,  from  which,  however, 
they  differ  radically  in  structure. 

Their  closest  affinities  are  doubtless  to 
be  found  among  the  arachnids  of 
which  they  are  here  considered  as  an 
order. 

The  body  (Fig.  243)  is  elongate, 
cylindrical  or  flattened;  the  anterior 
end  (ceplialothorax)  is  more  or  less 
clearly  marked  off  from  the  rest  (ab- 
domen), which  is  subdivided  by  an- 
nulations  variable  in  number  and  distinctness.  At 
the  blunter,  anterior  end  the  mouth  is  located  on  the 
ventral  surface  and  provided  on  either  side  with  two 
protractile  hooks,  contained  in  sheaths  or  pockets. 
These  hooks  represent  the  mouth  parts  of  other  arachnids. 
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while  other  appendages  are  entirely  lacking.  There  is 
no  special  respiratory  apparatus,  and  the  so-called  stig- 
mata are  but  the  orifices  of  dermal  glands.  At  the 
posterior  end  may  be  found  the  anal  opening. 

The  linguatules  are  of  separate  sexes,  the  males  being 
much  the  smaller.  The  female  genital  pore  is  located 


Fig.  244.— Linguatula  rhinaria ; Stages  of  Development.  (After 

Leuckart.)  a,  Egg  with  embryo;  5,  free  embryo;  c,  nymph  or 

pupa.  Magnifled. 

near  the  anus,  the  male  on  the  ventral  surface  near  the 
anterior  end  of  the  abdomen.  The  adults  live  in  the 
nasal  cavities  and  lungs  of  mammals  or  reptiles,  and  the 
eggs,  produced  here  in  large  numbers,  must  be  imported 
by  chance  into  a suitable  secondary  host  in  which  they 
give  rise  to  tetrapod,  acariform  embryos  (Fig.  244,  b)  that 
metamorphose  into  a second  stage  (nymph,  Fig.  244,  c), 
manifesting  the  main  features  of  the  adult.  By  a mi- 
gration usually  semi-passive,  this  form  reaches  the  pri- 
mary host  and  attains  full  development  in  it. 

Linguatula  Frohlicli. — Body  flattened,  with  arched 
dorsum  and  crenated  margins.  Body  cavity  extending 
into  the  lateral  regions  of  the  rings  (pectinate). 

Linguatula  rliinaria  Pilger  = Peutastoma  tcmioides 
Rud.  — Larva  = P.  denticulatum  Rud.  and  P.  serratum 
Frohlicli. — Body  lanceolate,  attenuated  posteriad;  head 
rounded,  annuli  circa  90,  hooks  acuminate,  enlarged 
toward  the  base,  with  basal  joint  elongated  proximad. 
Female  80-100  mm.  long,  8-iO  mm.  broad  anteriorly,  2 
mm.  posteriorly.  Male  18-20  mm.  long  by  3 mm.  broad, 
decreasing  to  0.5  mm. 

The  adult  inhabits  the  nasal  cavities  of  many  mam- 
mals, particularly  the  carnivora,  among  which  the  dog 
is  perhaps  most  commonly  infested.  The  larva  occurs 
in  the  viscera  of  the  herbivorous  mammals.  The  masses 
of  eggs  containing  well-developed  embryos  are  deposited 
by  the  adult  female  in  the  nasal  mucus  and  distributed 
over  grass,  etc.,  with  which  they  are  swallowed  chiefly 
by  rabbits,  but  even,  as  on  salads,  by  man  himself. 
Hatched  in  the  stomach  the  larva;  penetrate  the  intestinal 
wall  and  encyst  in  liver  or  mesentery,  where  after  several 
ecdyses  covering  a period  of  from  five  to  six  months,  they 
reach  the  second  stage,  characterized  by  the  rows  of  re- 
trorse  spines  on  each  annulus.  From  the  liver  they  may, 
as  some  maintain,  wander  out  actively  and  if  eaten  by  a 
dog  reach  the  nasal  cavities  directly ; or  they  may  await 
the  consumption  of  the  flesh  by  some  carnivorous  form, 
in  which  case  they  are  set  free  in  the  stomach  and  wander 
through  the  tissue  to  the  lung  and  thence  by  the  air 
passages  to  their  final  location.  Some  authorities  deny 
the  possibility  of  the  larva  deserting  its  cyst  and  wander- 
ing out,  and  maintain  that  the  transmission  is  always 
passive. 

Rare  instances  of  the  occurrence  of  the  adult  in  man 
are  on  record,  probably  due  to  the  consumption  of 
poorly  cooked  flesh  (mutton)  containing  the  larvae. 
The  larva  (Fig.  245)  lias  been  reported  frequently  as 
a human  parasite,  chiefly  from  Germany  and  Austria. 
Most  commonly  found  in  the  liver,  it  has  also  been  met 
with  in  other  viscera.  Here  it  occurs  in  sharply  defined 
yellow  tumors,  embedded  in  the  substance  of  the  liver 
or  protruding  somewhat  from  its  surface.  The  tough 
capsule  contains  caseous  or  calcareous  contents,  and 


varies  in  diameter  from  about  1 cm.  to  the  size  of  a pea. 
The  capsules  are  less  frequently  found  scattered  irregu- 
larly over  the  surface  of  the  peritoneum.  The  parasite 
is  probably  innocuous,  as  its  presence  has  not  been  sus 
pected  previous  to  autopsies,  at  which  Zenker  found  it 
in  Dresden  9 times  in  168  cases,  Heschl  at  Vienna  5 
times  in  20;  Klebs  at  Basel,  however,  only  twice  in  1,914 
cases.  I have  found  no  records  of  its  presence  in  man 
in  this  country,  although  it  has  been  reported  rarely  from 
other  hosts  (rabbit  and  cattle). 

Porocephalus. — Body  cylindrical ; body  cavity  continu- 
ous. 

Porocephalus  moniliformis  Diesing. — Larva  = Penta- 
stomum  constriclum  von  Siebold.  Annuli  about  20,  sepa- 
rated from  one  another  by  a wide  interval.  Female 
70-95  mm.  in  length,  6-7  mm.  broad,  male  13-17  mm. 
in  length. 

The  adult  is  very  incompletely  known ; it  occurs  in 
the  African  pythons.  The  larva  has  been  reported  from 
monkeys  and  the  giraffe.  It  has  also  been  found  several 
times  at  autopsies  of  negroes  in  Egypt  and  even  of  Eng- 
lish soldiers  in  African  colonies.  Since  it  was  found  en- 
cysted in  the  liver,  and  death  resulted  from  peritonitis, 
there  is  room  for  the  belief  of  some  authorities  that  the 
parasites  could  not  have  been  the  cause,  but  were  merely 
accidentally  present  in  these  cases. 

Order  Acarida. — The  mites  are  throughout  of  small 
size,  even  the  largest  ticks  attaining  a length  of  only 
half  an  inch  and  the  majority  being  but  a fraction  of  this. 
The  body  is  circular  or  oval  in  outline,  with  flattened  ven- 
tral surface  and  arched  dorsal.  Ordinarily  it  manifests 
no  separation  into  parts,  though  in  some  forms  a dis- 
tinct groove  makes  two  regions  distinguishable.  While 
the  skin  is  commonly  marked  by  transverse  striations  or 
folds,  traces  of  metameric  segmentation  are  only  rarely 
to  be  found.  The  chitinous  covering  is  frequently  pro- 
vided with  plates  or  shields,  and 
bristles  are  characteristically  pres- 
ent. A small  projection  (rostrum 
or  capitulum)  carries  the  mouth 
parts,  which  are  often  more  or  less 
fused  into  a beak  and  modified  for 
biting,  piercing,  or  sucking.  As 
mouth  parts  are  distinguished  (1) 
the  mandibles  or  cheliceroe ; (2) 

maxillipeds  or  pedipalpi,  the  most 
prominent  part  of  which  are  the 
maxillary  palps,  jointed,  highly 
mobile  structures,  located  at  the 
sides  of  the  mandibles.  The  lower 
lip  (liypostome),  anterior  and  in- 
ferior to  the  maxillae,  is  ordinarily 
fused  to  their  bases. 

The  four  pairs  of  legs,  composed 
of  from  three  to  eight  joints  each, 
are  terminated  by  claws,  bristles, 
or  suckers  of  various  sorts.  They 
may  be  attached  directly  to  the 
skin  or  reinforced  by  a chitinous 
framework  (epimeres)  which  may 
join  to  form  a median  ventral  ridge 
(sternum).  A special  respiratory 
(tracheal)  system  is  lacking  in 
most  parasites,  though  present  in 
some;  it  opens  by  paired  stigmata 
with  sieve-plate  coverings  (peri-  „ , , 

tremes)  the  location  of  which  is  denticulate,  Lana  of 
characteristic  for  various  groups.  L.  rhinaria.  (After 
Eyes  are  also  usually  wanting  in  Leuckart.)  Magnified, 
the  parasitic  forms. 

The  separate  sexes  may  be  distinguished  generally  by 
difference  in  size;  in  some  forms  a marked  sexual  di 
morphism  exists.  The  genital  orifice  is  surrounded  bv  a 
system  of  chitinous  thickenings  known  in  the  male  as 
the  epiandrium  and  in  the  female  as  the  epigynium. 
The  vulva  serves  as  birth  opening,  whereas  a special 
copulatory  orifice  occurs  at  the  posterior  end  of  the  ab- 
domen. The  acarida  arc  usually  oviparous,  and  from 
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tlie  egg  emerges  a hexapod  larva  which  metamorphoses 
into  an  octopod  nymph,  and  Anally  by  the  development 
of  the  sexual  organs  becomes  adult.  This  metamor- 
phosis is  accompanied  by  a variable  number  of  moults, 
and  in  the  Sarcoptidae  by  histolysis  and  complete  regen- 
eration of  the  animal  at  each  ecdysis. 

The  following  table,  taken  from  Railliet,  will  be  con- 
venient in  recognizing  the  various  sub-orders  and  families : 
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No  trache®. 

Legs  with  epimeres. 


f Two  pail's  of  legs.  ) 

Palpi  unarmed.  - Phytoptid®. 
J Mandibles  styliform. ) 

1 Four  pairs  of  legs,  j 
] Palpi  uncinate.  >■  Demodicid®. 
1 Mandibles  styliform.  l 


No  trache®. 
Astigmata. 

Legs  with  epimeres. 


j Palpi  joined  at  base, 
-j  unarmed. 

( Mandibles  chelate. 


Trache®  opening  in  the 


anterior  portion  of  the 
body,  atrophied  in  the 
aquatic  forms. 

Prostigmata. 

Legs  with  epimeres. 


| Mandibles  chelate. 

•j  Palpi  free,  armed 
(rapaci). 

I Mandibles  with  hooks, 
l or  styliform. 


j-  Sarcoptid®. 

Bdellid®. 

Marine : 
Halicarid®. 
Freshwater : 
Hydracbnid®. 
Terrestrial : 
Trombidiid®. 


Trache®  opening  in  the 
posterior  portion  of 
the  body,  at  the  base 


Palpi  free  fusiform. 

mandibles  chelate. 
Palpi  free,  filiform  or  1 
valvate. 

of  the  legs,  sometimes  1 Mandibles,  pseudo- 
atrophied.  chelate. 

Metastigmata.  | Palpi  free<  fluform. 

Mandibles  chelate. 


Legs  without  epimeres. 


Oribatid®. 


Ixodid®. 


Gamasid®. 


Demodicidce  (the  Follicle  Mites). — Small,  elongated 
mites;  anterior  region  undivided,  in  adult  with  rostrum 
and  four  pairs  of  short  legs ; the  posterior  transversely 
striated,  without  appendages.  Tracheae,  stigmata,  and 
eyes  wanting.  No  marked  sexual  dimorphism.  Ovipar- 
ous. Larva  without  legs  or  with  three  pairs  of  tubercles, 
nymph  with  four  pairs  of  rudimentary  legs.  Parasites 
of  hair  follicles  and  sebaceous  glands  of  mammalia. 
Only  a single  genus  with  several  species. 

Demodex  folliculorum  (G.  Simon). =D.foll.  var.  hominis 
auct. ; Steatozoon  foil.  E.  Wilson.  Rostrum  short,  an- 
terior region  of  body  approximately  one-tliird  of  total 
length.  Egg  cordiform.  Male  0.3  mm.  long,  0.4  mm. 
broad;  female  0.38  mm.  by  0.045  mm. 

This  form,  which  presents  a characteristic  appearance 
(Fig.  246),  is  a common  parasite  of  the  sebaceous  glands 
of  the  human  skin.  It  is  easily  dis- 
covered in  the  sebum  from  the  glands 
of  the  nose,  lips,  and  forehead;  also 
in  the  ceruminous  and  Meibomian 
glands,  and  from  the  abdominal  and 
pubic  regions.  Normally  the  mites 
rest  in  the  gland,  head  inward  (Fig. 
247),  and  but  a few  are  present  in  each 
gland;  occasional  increase  in  numbers 
is  said  to  give  rise  to  stoppage  of  the 
duct  and  from  Ave  to  twenty  may  be 
found  in  a comedo  plug.  The  state- 
ments of  some  authors,  according  to 
which  these  parasites  occur  in  two- 
thirds  of  the  persons  examined,  are 
held  by  other  investigators  to  be  far 
beyond  the  usual  percentage  of  infec- 
tion. Precise  data  are  lacking.  Henle, 
who  discovered  this  species  in  1841, 
obtained  living  specimens  of  the  mite 
from  a cadaver  six  days  after  death. 
In  spite  of  the  fact  that  this  species 
is  difficult  to  distinguish  from  related 
forms  of  the  dog,  cat,  and  other  do- 
mestic animals,  with  a single  doubtful 
exception,  no  case  of  infection  trans- 
mitted in  either  direction  is  on  record,  and  all  efforts  to 
accomplish  this  experimentally  have  failed. 

Although  D.  canis  gives  rise  in  the  dog  to  a serious 
dermal  disease  (Fig.  247)  which  is  rather  difficult  to 


Fig.  246.— Demodex 
canis.  Ventral 
view  of  female 
and  of  egg.  x 
100  diameters. 
(After  Megnin.) 


handle,  no  similar  difficulty  is  reported  for  man  with  D. 
folliculorum,  even  in  the  case  of  those  individuals  habitu- 
ally regardless  of  personal  cleanliness ; and  an  etiological 
relation  between 
these  mites  and 
acne,  as  maintain- 
ed" by  various  ob- 
servers, has  not 
been  satisfactori- 
ly demonstrated. 

S a r c o ptidce. — 

Small,  pale  mites, 
with  soft  body, 
not  e 1 o n gated, 
separated  into 
two  regions  by 
a more  or  less  dis- 
t i n c t transverse 
groove.  Mandi- 
bles chelate,  max- 
illary palpi  styli- 
form. Four  pairs 
of  five-  jointed 
legs  with  epi- 
mera,  in  two 
groups  corre- 
sponding to  the 
regions  of  the 
body,  terminal 
joints  (tarsi)  with 
one  or  two  claws, 
a sucker,  or  both, 
or  with  long 
bristle.  Tracheae 
wanting.  Sexual 
dimorphism  gen- 
eral. Metamor- 
phosis with  hexa- 
pod larva  and  two 
nymphs,  often 
complicated  by 
the  appearance 
of  ahypopial 
nymph. 

Of  the  seven 
sub-families  only 
the  Sarcoptinoe  or 
itch  mites,  and 
the  Tyroglypli- 
inre  or  cheese 
mites,  are  of  im- 
portance here. 

Sarcoptinoe  (the 
Itch  Mites). — 

Parasitic  mites 
with  transversely 
striated  i n t e g u- 
ment,  with  cam- 
panulate  pedun- 
culate tarsal 
sucker,  often  at- 
rophied and  re- 
placed by  bristles  on  the  third  and  fourth  pairs  of  legs. 
V ulva  transverse.  Found  in  the  skin  of  mammals  and 
birds,  where  they  produce  the  various  forms  of  scab 
and  itch. 

Sarcoptes  (the  Itch  Mite  of  Mammals). — Body  round  or 
slightly  oval.  Rostrum  short,  and  thick;  posterior  feet 
entirely  or  nearly  hidden  by  the  body.  Tarsal  suckers 
with  long,  .simple  peduncle ; in  female  on  the  first  and 
second  pairs  of  legs,  in  the  male  also  on  the  fourth  pair. 
Anus  terminal. 

Some  authors  distinguish  but  a single  species  with 
numerous  varieties ; it  .seems  better,  however,  in  spite  of 
the  often  insignificant  and  in  part  inconstant  specific 
differences  thus  far  known,  to  follow  the  later  authorities 
in  regarding  these  forms  as  different  species,  even  though 
physiological  characters  must  still  be  used  in  part  for 


Fig.  247.— Transsection  of  Skin  of  Dog,  Show- 
ing Demodex  canis  in  Position  in  Hair  Fol- 
licle and  also  in  Sebaceous  Gland.  (After 
Laulanie,  from  Neumann.)  e.  Epidermis; 
/,  hair  follicle  containing  two  hairs,  p,  the 
bulbs  of  which  can  be  distinguished  at  h 
and  hi ; at  the  points,  a , oi,  a«,  a”'  and  aiv, 
the  follicle  has  undergone  dilatation,  by- 
reason  of  the  accumulation  of  the  follicle 
mites,  d ; st>,  sebaceous  glands,  one  of  which 
(sbi)  contains  the  mites ; sci,  sudoriferous 
glands.  X 40  diameters. 
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their  distinction.  They  apparently  do  not  interbreed, 
and  certainly  are  permanent  only  on  the  appropriate  host 
from  which  in  some  cases  they  cannot  be  transferred  to 
any  other,  even  for  a short  time,  though  usually  such 


Fig.  248.— Sarcoptes  scabiei,  female,  In  Dorsal  Aspect.  (After  Canes- 
trini.)  X 130  diameters,  a,  b,  c.  Scales. 

transfer  results  in  temporary  existence  without  the  dis- 
ease reaching  a serious  stage  and  often  disappearing  spon- 
taneously. 

Sarcoptes  scabiei  (de  Geer)  (the  Human  Itch).  = Acarus 
siro,  A.  exulcerans,  Linn.;  Acarus  scabiei  de  Geer;  Sa/r- 
coptesliominis  Hering;  S.  sc.  var.  hominis  Megnin.  Dor- 
sal scales  pointed,  longer  than  broad.  Anterior  projec- 
tions of  epiandrium  short,  scarcely  reaching  the  cpimeres. 
Posterior  spines  long,  pointed.  Male  (Fig.  249)  0.2-0.24 

mm.  long,  0.15- 
0.2  mm.  broad; 
female  (Fig. 
248)  0.3  to  0.45 
mm.  long,  0.25 
to  0.35  mm. 
broad. 

The  history  of 
the  disease 
caused  by  the 
itch  mite  is  con- 
11  ected  with 
some  of  the 
most  moment- 
ous disputes  in 
medicine.  The 
complaint  is  re- 
corded in  the 
earliest  ivrit- 
ings.  and  the 
mite  may  have 
been  known  to 
Aristotle ; but 
the  Arabian 
Fig.  249.— Sarcoptes  scabiei,  male,  from  Ventral  physic  iaus  in 
Surface,  x 200  diameters.  (After  Canestrini.)  the  twelfth  cen- 
tury were  the 

first  to  state  clearly  the  existence  of  a minute  character- 
istic animal  which  could  be  removed  from  the  skin  and 
“ cracked  ” on  the  finger  nail.  The  galleries  bored  in  the 
skin  were  discovered  in  the  fourteenth  century,  and  the 
mite  described  and  figured  clearly  in  the  seventeenth, 
while  in  a letter  to  the  famous  Italian  anatomist  Redi,  in 


1687,  Bonomo  and  Cestoni  gave  a precise  description  and 
figures  of  the  mites  and  their  eggs,  inferring  correctly 
that  the  animals  were  of  separate  sexes  and  were  the  act- 
ual cause  of  the  disease,  so  that  a cure  depended  upon 
their  complete  destruction.  Others  of  prominence  in  der- 
matology, however,  attributed  the  trouble  rather  to  “ de- 
structive juices,”  either  denying  the  existence  of  the 
mites  or  their  relation  to  the  itch,  or  holding  that  a poi- 
son was  inoculated  into  the  blood  by  their  bite.  Early 
in  this  century  the  French  Academy  offered  a prize  for 
the  rediscovery  of  the  mite,  whereupon  a certain  Dr. 


Fig.  250.— Sarcoptes  scabiei.  Impregnated  female  (s)  in  cunieulus. 
(After  Railliet;  semi-diagrammatic  figure  adapted  from  Gerlach.) 
oe,  oe',  oe",  Eggs,  those  farther  away  from  the  mite  being  older:  e, 
an  empty  egg  shell;  o,  orifice  through  which  a larva  has  escaped; 
e,  excrementa. 

Gales  palmed  off  cheese  mites  on  a learned  jury,  pocket- 
ing both  the  medals  and  the  prize!  Finally,  in  1834, 
Renucci  demonstrated  in  Paris  the  method  by  which 
Corsican  women  were  accustomed  to  remove  the  mite  on 
the  point  of  a needle  from  the  end  of  its  tunnel,  and  thus 
established  its  actual  presence  in  the  disease.  The  male 
was  discovered  by  Kramer  in  1845.  and  the  pathology 
of  the  disease  established  upon  unimpeachable  experi- 
mental and  clinical  evidence  particularly  by  Ilebra. 

The  mite  appears  to  the  naked  eye  white  and  glisten- 
ing, and  was  aptly  described  by  Bonimo  as  like  a little 
bladder  of  water.  Viewed  under  the  microscope  there 
is  seen  a tortoise-shaped  head  with  a pair  of  short,  heavy 
legs  on  either  side,  which  have  a framework  of  chitinous 
bands  like  the  garters  of  an  Italian  bandit.  The  third 
and  fourth  pairs  of  legs  are  concealed  under  the  posterior 
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margin  of  the  body.  The  male  is  much  smaller  than  the 
female  and  has  the  fourth  pair  of  legs  terminated  by  a 
sucker  instead  of  the  bristle  which  is  on  the  fourth  pair 
in  the  female.  There  is  also  on  the  ventral  surface  of 
the  male  a complicated  cliitinous  framework  wanting  in 
the  female. 

The  human  itch  mite  lives  in  the  skin  in  which  the 
female  tunnels  an  irregular  winding  passage,  where  she 
passes  her  entire  existence  (Fig.  250).  These  burrows 
vary  in  length  from  a few  millimetres  to  two  or  more 
centimetres  and  are  excavated  preferably  where  the  skin 
is  thin,  as  between  the  fingers,  in  elbow  or  knee  joint, 
on  mammae  or  penis.  The  gallery,  directed  first  down- 
ward through  the  stratum  corneum,  is  extended  through 
the  softer  cells  of  the  Malpighian  layer  just  above  the 
papillae.  Eggs  and  fecal  matter  fill  the  most  of  this 
tunnel,  at  the  inner  end  of  which  may  be  found  the 
female.  The  male  is  much  rarer;  its  existence  is  passed 
on  the  surface  of  the  skin,  hiding  under  scales  and  in 
furrows.  After  an  incubation  of  only  a few  days  there 
emerges  from  the  egg  a hexapod  larva,  which  bores 
through  the  roof  of  the  tunnel  and  gains  the  surface  of 
the  skin,  where  after  three  or  four  moults  and  the  ac- 
quirement of  a fourth  pair  of  legs  the  development  of 


Fig.  251. — Acarian  Furrows,  a.  Position  of  mite ; A,  the  mite  has 
gone  down  beneath  the  epidermis ; B,  the  mite  has  commenced  to 
dig  a longitudinal  burrow,  and  the  place  ( f ) where  it  was  in  A,  has 
by  the  growth  of  cells  come  up  nearer  to  the  surface ; C,  the  point  (f) 
has  come  up  to  the  surface,  while  the  mite  has  gone  along  farther 
with  its  burrow.  (After  Jeffries.) 

the  sexual  organs  is  completed.  Copulation  is  followed 
by  the  last  moult  on  the  part  of  the  female.  The  latter 
now  pregnant,  begins  the  construction  of  a gallery  in 
the  epidermis  (Fig.  251)  and  once  buried  in  the  skin,  the 
recurved  dorsal  spines  prevent  her  escape. 

This  species  is  probably  distributed  over  the  entire 
world ; it  is  very  common  on  the  Continent  and  among 
the  poor  in  England  where  it  constitutes  8 per  cent,  of 
dermatological  cases  in  hospital  practice  and  3 per  cent, 
in  private  practice.  It  is  much  rarer  in  the  United  States 
and  is  most  frequent  in  the  East;  in  New  York  Bulkley 
had  2 per  cent,  in  the  hospital  and  one-fourth  of  one  per 
cent,  in  private  practice.  In  Boston  White  noted  an  in- 
crease from  9 cases  in  1880  to  165  in  1888.  Of  318,500 
cases  recorded  by  the  United  States  Dermatological  As- 
sociation within  a period  of  a little  over  twenty-one 
years  (from  July,  1877,  to  January,  1898),  it  was  found  in 
3.66  per  cent,  of  the  total  number.  Although  rare  under 
ordinary  circumstances,  it  increases  rapidly  under  con- 
ditions of  crowding;  thus  in  1893,  the  year  of  the  Chicago 
Exposition,  901  cases  were  reported  in  the  United  States, 
while  in  1895  the  total  was  only  383  cases.  Where  such 
crowding  is  combined  with  faulty  sanitary  conditions,  it 
becomes  epidemic  in  a severe  form.  Tims  during  the 
Civil  War,  the  “army  itch,”  “Jackson’s  itch,”  and 
“seven  years’  itch,”  which  are  merely  aggravated  forms 
of  the  disease,  followed  the  movements  of  the  troops. 


The  disease  is  produced  by  the  transfer  of  the  parasite 
by  actual  contact  from  an  infected  person  to  one  not  in- 
fected. Such  infection  must  transport  both  sexes,  or  at 
least  pregnant  females,  and  under  such  conditions  that 
they  can  successfully  form  burrows.  In  spite  of  the  fact 
that  in  large  continental  hospitals  and  clinics,  yearly 
thousands  of  cases  are  treated  and  handled  by  nurses  and 
students  without  any  precautions  whatever  in  the  way 
of  disinfection,  no  trouble  is  experienced  from  the  disease. 

Infection  is  easily  and  most  commonly  brought  about 
by  long-continued  and  intimate  contact,  and  the  noc- 
turnal habits  assigned  by  some  to  these  mites  are  due 
to  their  increased  activity  under  the  influence  of  the 
warmth  of  the  bed.  The  disease  is  also  most  common 
among  men  and  of  such  classes  and  occupations  as  are 
wont  to  sleep  together.  A transient  infection  may  be 
induced  by  the  transfer  of  this  species  to  the  horse, 
dog,  or  ape,  but  the  cat  is  apparently  immune  toward  it. 

The  itch  mite  excites  at  first  only  a moderate  irritation, 
which  gradually  grows  in  intensity  and  becomes  an  ex- 
tensive pruritus,  accompanied  by  eczematic  inflamma- 
tion with  the  formation  of  papules  and  vesicles.  The 
malady  increases  in  severity  with  duration,  and  especially 
as  the  result  of  scratching,  until  it  may  acquire  the  char- 
acter of  a severe  eczema,  the  vesicles  and  pustules  being 
associated  with  extreme  excoriations  and  the  formation 
of  crusts.  The  itch  may  be  confused  with  eczema  and 
pediculosis,  which  latter  may  in  fact  coexist  with  it. 

The  first  step  in  the  treatment  of  the  itch  is  the  abso- 
lute destruction  of  the  entire  colony  of  mites  and  their 
eggs,  for  which  purpose  various  sulphur  ointments  are 
successfully  employed.  Naphthol  is  also  highly  recom- 
mended. In  severe  cases  some  eczema  remains  to  be 
treated  after  the  destruction  of  the  mites. 

It  is  important  to  record  here  from  Nuttall  the  view  of 
Joly  that  the  itch  mites  may  serve  at  times  as  carriers  of 
lepra  bacilli.  In  parts  of  Norway  where  much  leprosy 
exists,  these  mites  are  also  abundant,  and,  together  with 
pediculi,  they  are  usually  found  among  the  poorer  classes 
in  Algeria,  from  which  the  greatest  number  of  lepers 
come.  “ In  the  Soudan  the  sarcoptes  occur  on  almost  all 
the  dogs  [most  probably  not  the  S.  scabiei — W.],  and  often 
attack  the  natives  amongst  whom  there  are  numerous 
lepers.  It  seems  to  me  that  the  possibility  of  this  mode 
of  transfer  cannot  be  denied,  and  it  is  also  conceivable 
that  the  pathological  changes  produced  in  the  skin  by 
the  parasites  may  even  favor  the  multiplication  of  the 
lepra  bacilli.” 

Sarcoptes  scabieicrustosee  (Fiirstb.)  (Norway  Itch  Mites). 
— S.  scabiei  var.  lupi  Megnin.  Dorsal  scales  obtuse. 
Anterior  projections  of  epiandrium  well  developed, 
reaching  the  epimeres.  Posterior  spines  long,  pointed, 
easily  bent.  Male  0.17  by  0.15  mm. ; female  0.41  by  0.34 
mm. 

This  form,  though  much  like  the  preceding,  produces 
such  radically  dissimilar  effects  on  the  human  skin  that 
we  are  forced  to  regard  it  as  a distinct  species.  It  was 
first  discovered  in  Christiania,  whence  the  name  Norway 
itch,  by  which  it  is  commonly  known,  though  cases  have 
been  reported  in  most  European  nations  and  one  from 
this  country  (Indianapolis)  by  Hessler. 

The  malady  is  easily  distinguished  from  the  common 
itch  by  the  formation  of  coarse  crusts,  which,  however, 
do  not  usually  make  their  appearance  for  some  years. 
This  gives  color  to  the  view  that  this  form  of  the  itch 
finds  its  explanation  in  individual  differences  on  the  part 
of  the  host  rather  than  of  the  parasite.  Opposed  to  this 
view  is  the  formation  of  crusts  several  millimetres  in 
thickness  and  several  centimetres  in  extent,  the  enor- 
mous numbers  of  mites  found  in  the  midst  of  these  masses, 
and  the  attacks  of  the  mites  on  face  and  scalp  where  the 
common  itch  mite  does  not  occur.  This  species  is  ap- 
parently transmitted  with  great  ease,  and  its  attacks  do 
not  readily  yield  to  treatment.  Megnin’s  idea  that  it  is 
identical  with  the  sarcoptes  of  the  wolf  is  entirely  un- 
tenable. 

The  case  reported  by  Hessler  apparently  belongs  here, 
though  the  author  did  not  differentiate  the  parasite 


432 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


A rachnlda. 
A racli  nida. 


found  from  tlie  ordinary  itch  mite.  Tlie  patient  was 
partially  paralyzed  and  entirely  helpless— hence  we 
may  infer  absence  of  the  ordinary  scratching ; its  sequelae 
are  apparently  entirely  wanting.  The  body  of  the  pa- 
tient was  literally  covered  with  thick,  yellowish-white, 
leathery  scales,  the  largest  measuring  25  mm.  in  diameter 
and  nearly  3 mm.  thick;  these  scales  consisted  merely  of 
proliferated  epithelial  cells,  and  bloody  or  serous  crusts 
were  not  present.  They  were,  however,  produced  by 
moderate  friction.  In  the  scales  on  the  body  the  author 
estimates  the  number  of  egg  cases  and  eggs  as  seven 
million  of  which  one-half  to  three-fourths  were  empty, 
and  the  number  of  mites  as  two  million  of  which  only  a 
small  fraction  were  living. 

The  following  forms,  normally  parasitic  on  other  hosts, 
may  be  transmitted  accidentally  or  experimentally  to 
man  and  give  rise  to  an  itch,  rarely  severe  and  usually 
transitory.  No  doubt  other  forms  yet  undescribed  will 
fall  in  this  same  category.  Besides  man,  only  the  most 
common  host  is  given  for  each  species. 

8.  av.chenm.  Male  0.24  by  0.18  mm.;  female  0.34  by 
0.26  mm.  On  the  llama;  transmitted  to  attendants,  re- 
quiring treatment  to  dislodge. 

S.  canis.  Male 0.19 to 0.23 by  0.16  to  0.18mm. ; female 
0.3  to  0.45  by  0.23  to  0.35  mm.  On  the  dog;  frequently 
transmitted  to  man,  variable  in  severity. 

8.  caprm.  Male  0.243  by  0.188  mm. ; female,  0.345  by 
0.342  mm.  On  the  goat;  readily  transmitted  to  man ; in- 
duces an  itch  of  great  severity. 

S.  dromedarii.  Male  0.29  by  0.18  mm.;  female,  0.36  | 
by  0.33  mm.  On  the  camel;  readily  transmissible  and 
severe ; in  Egypt  almost  all  camel  drivers  are  affected ; j 
the  Senegal  negroes  call  the  complaint  larbisch. 

8.  equi.  Male  0.22  to  0.28  by  0.15  to  0.2  mm. ; female 

0.45  to  0.5  by  0.31  to  0.37  mm.  On  the  horse;  rare  on 

man,  transitory  and  usually  disappears  spontaneously. 

8.  leonis.  Male  0.25  by  0.18  mm. ; female,  0.45  by  0.35 
mm.  On  the  lion ; easily  transmitted  to  man ; disappears 
spontaneously  in  thirty  to  forty  days. 

8.  ovis.  Male  0.22  by  0.16  mm. ; female,  0.314  by  0.3 
mm.  On  the  sheep;  very  rarely  transmitted  to  man,  if 
indeed  at  all. 

8.  suis.  Male  0.25  to  0.35  by  0.19  to  0.3  mm. ; female 

0.35  to  0.5  by  0.29  to  0.39  mm.  On  the  pig;  transmitted 

to  man,  sometimes  disappears,  sometimes  grows  worse. 

8.  vulpis.  Male  0.245  by  0.185  mm. ; female  0.442  by 
0.315  mm.  On  the  fox;  its  transmission  to  man  rests 
on  doubtful  evidence. 

8.  wombati.  Species  not  described  in  detail ; forms  a 
crustaceous  itch  on  the  wombat ; readily  transmitted  to 


man;  produces  a type  of  itch  intense  and  unlike  the 
ordinary  form;  yields  readily  to  treatment. 

Notoedres  cati  (Hering.  =Sarcoptes  minor  Fiirstb.  Tar- 
sal suckers  with  long,  unjointed  pedicle:  in  the  female 
on  the  first  and  second  pairs  of  legs,  in  the  male  also  on 
the  fourth.  Anus  dorsal,  near  posterior  margin  of  ab- 
domen. Dorsal  scales  obtuse.  Male  (Fig.  252,  C)  0.14  to 
Vol.  I.— 28 


0.15  by  0.12  to  0.125  mm. ; female  (Fig.  252,  A,  B)  0.21 
to  0.23  by  0.16  to  0.175  mm. 

This,  the  itch  mite  of  the  cat,  attacks  on  its  normal 
host  the  skin  of  the  head  and  ears,  and  induces  a serious, 


often  highly  epizootic  malady  with  a termination  usu- 
ally fatal.  This  species  is  of  importance  here  because 
of  its  easy  transmission  to  man.  On  the  latter  it 
produces  a limited  itch  which  disappears  spontane- 
ously at  the  end  of  from  ten  to  twenty  days.  It  occurs 
on  cats  in  Lincoln,  Nebr.,  and  doubtless  elsewhere;  no 
cases  of  transmitted  infection  are,  however,  on  record 
here. 

The  other  genera  and  species  of  itch  mites  common 
to  domesticated  animals  are  not  known  to  be 
transmissible  to  man. 

Sub-family  Tyroglypliirm  (Cheese  Mites). — 
Minute  forms  with 
soft  body,  without 
eyes  or  tracheae.  In- 
tegument never  uni- 
formly striated,  but 
smooth  and  granu- 
lated or  irregularly 
verrucose.  Last  leg 
with  claw  and  usu- 
ally also  with  foliate, 
non -pedunculate  ves- 
icle. 

These  mites  (Fig. 
253)  live  in  dry  or 
slowly  decaying  ma- 
terials (flour,  sugar, 
cheese,  anatomical 
preparations,  etc.). 
From  their  minute  size  and  abundant  occurrence  they 
are  liable  to  be  introduced  on  to  or  even  into  the  hu- 
man body,  and  may  even  make  the  passage  of  the 
alimentary  canal  without  being  entirely  destroyed. 
From  their  presence  on  the  body  or  in  fecal  matter  under 
circumstances  of  disease  they  have  been  often  reported 
as  corpora  delicta.  In  rare  instances  certain  species 


A. 

Fig.  252,— Notoedres  cati:  A,  Female,  from  Above,  B,  from  Below;  C,  Male.  X 100.  (After  Bailliet.) 
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have  been  transitory  parasites  of  man.  Where  abundant, 
as  in  old  groceries  or  warehouses,  they  have  been  known 
tc  give  rise  to  a temporary,  though  often  violent  der- 
mal irritation  on  employees  handling  the  infected 
products,  without  the  evil  having  been  traced  in  all 
cases  to  any  single  species.  Such  a complaint  is  the 
“grocers’  itch”  of  England.  Since  these  are  the  most 
frequent  pseudo-parasites  with  which  the  physician 
has  to  deal,  extreme  caution  should  be  exercised  in  as- 
sociating etiologically  any  species  which  belongs  in 
this  group  with  a case  of  disease  in  which  it  has  been 
discovered. 

Aleurobius  farinm  (De  Geer).  (The  Flour  Mite)  = Tyre 
glyphus  farina,  Gervais.  First  pair  of  legs  in  male  much 
heavier  with  spur  on  second  joint.  White,  tip  of  legs 
pale  violet.  Length:  male  0.33  mm.,  female  0.55mm. 
Cosmopolitan  on  flour,  fruit,  tobacco,  cheese,  and  other 
organic  material  in  process  of  alteration  by  age.  This 
species  is  much  more  abundant  than  the  following  eveD 
in  cheese,  and  has  frequently  been  described  as  that 
species  in  spite  of  evident  differences.  It  was  observed 
by  Moniez  as  the  cause  of  a cutaneous  eruption  on  work- 
men unloading  Russian  wheat  at  Lille. 

Tyroglyplius  siro  (L.)  (The  Cheese  Mit e)=Acarus  siro, 
A.  lactis,  A.  dysenteric  L.  Last  pair  of  legs  with  both 
claw  and  sucker,  with 
terminal  joint  short  and 
with  proximal  sucker 
close  to  proximal  end  of 
terminal  joint.  Length 
0.6  mm.  Found  on  de- 
composing substances  like 
the  last,  but  rarer.  This 
is  the  cheese  mite  report- 
ed by  various  authors 
from  dysenteric  stools  and 
from  urine.  Its  occur- 
rence was  undoubtedly 
accidental,  and  its  harm- 
less nature  may  be  ad- 
judged from  the  quantity 
taken  daily  in  cheese 
everywhere  and  the  ab- 
sence in  medical  works  of 
any  records  of  conse- 
quent diseases.  Yet  Ziirn 
records  that  in  certain  dis- 
tricts where  mites  are 
raised  to  impart  a pecul- 
iar flavor  to  the  cheese,  a gastric  or  intestinal  catarrh 
is  prevalent  among  consumers  of  the  cheese  which 
he  attributes  to  the  effect  of  the  mites.  As  this  spe- 
cies is  abundant  in  old  linseed  meal,  its  reported  oc- 
currence in  poulticed  wounds  is  easily  explained.  In 
cantharides  it  is  also  abundant,  and  in  vanilla,  where 
its  presence  has  been  associated  with  the  vanilla  com- 
plaint, a dermal  eruption  frequent  among  workers 
handling  this  product.  The  famous  Acarvs  dy sen- 
tence of  Linnaeus,  which  was  found  abundantly  in 
stools  of  one  of  his  scholars  and  traced  back  to  the 
wooden  vessel  from  which  the  young  man  drank,  was 
probably  this  species.  It  lias,  however,  been  reported 
but  once  since  then  from  dysenteric  stools,  those  of  in- 
fants in  Prague,  and  the  etiological  relation  may  cer- 
tainly be  called  in  question. 

Tyroglyplius  longior  (Fig.  253),  which  is  similar  in 
habit  to  the  last  species,  though  less  abundant,  is  easily 
distinguished  by  its  larger  size  and  more  rapid  move- 
ment. It  enjoyed  transient  fame  in  1837  as  having  been 
produced  (!)  by  the  electrical  experiments  of  Cross  on 
weak  chemical  solutions. 

The  mummification  of  bodies  in  caves  has  been  shown 
by  recent  investigations  of  Meguin  to  be  due,  in  some 
cases  at  least,  not  to  chemical  or  atmospheric  influences, 
but  to  the  work  of  Tyroglyplius  ivfestans,  which  is  abun- 
dant in  such  localities.  The  external  appearance  of  the 
body  and  organs  of  the  mummy  was  well  preserved,  but 
microscopical  examination  showed  the  tissue  to  be  tilled 


with  incalculable  myriads  of  the  mite  in  all  stages  of 
development. 

Gamasidce  (Beetle  Mites). — Skin  leathery,  reinforced 
by  chitinous plates ; mandibles  chelate,  maxillae  filiform; 
six-jointed  legs  terminated  by  two  somewhat  concealed 
hooks.  Stigmata  lateral,  between  legs  of  second  and 
fourth  pair,  with  peritreme  directed  anteriad.  Without 
eyes. 

The  Gamasidte  are  abundant  small  mites,  often  free  or 
semi-parasitic,  in  the  latter  case  found  on  insects  espe- 
cially. Certain  species  occur  on  the  fowl,  but  are  often 
very  troublesome  to  man.  Of  the  large  number  of  forms 
which  belong  in  the  family  only  two  need  especial 
mention  here. 

Dermanyssus  gallince  (de  Geer)  (The  Poultry  Mite). 
Body  pyriform,  slightly  flattened;  in  the  male  0.6  by 
0.32  mm.,  in  the  female  0.7  to  0.75  by  0.4  mm.  Color 
varies  from  white  to  dark  red  according  to  the  contents 
of  the  alimentary  canal.  Legs  stout,  rather  short. 
Peritreme  extends  as  far  as  the  base  of  the  second  pair 
of  legs. 

These  mites  (Fig.  254)  swarm  in  the  crevices  of  poultry 
houses  and  in  the  refuse  of  the  floor,  even  living  in  the 
dung.  At  night  they  emerge  from  their  hiding-places 
and  suck  the  blood  of  the  birds.  Under  circumstances 

they  increase  to  such  an 
extent  as  to  become  a 
veritable  pest,  even  to 
man  himself.  Many  cases 
are  on  record  in  which 
both  children  and  adults 
have  been  subject  to  re- 
peated attacks  of  the 
mites,  which  give  rise  to 
an  itching  eruption  of  the 
skin.  Naturally  such  in- 
stances  are  observed 
among  persons  having  to 
handle  fowl  or  to  resort 
f r e q u e n 1 1 y to  ill -kept 
poultry  houses.  Kuchen- 
m e i s t e r,  Railliet,  and 
others  record  details  of 
cases  on  the  Continent;  I 
have  found  none  for  this 
country. 

Derma nyss us  hirundinis 
(Hermann)  (The  Swallow 
Mite).  Decidedly  larger 
than  the  preceding,  reaching  a length  of  1 mm.  Peri- 
treme extends  barely  to  the  third  pair  of  legs. 

This  species,  which  normally  attacks  the  swallow,  has 
been  known  to  pass  from  the  nests  under  the  eaves  into 
sleeping-rooms  and  to  attack  the  occupants  of  the  room, 
giving  rise  to  severe  itching. 

Trombidiidce  (The  Harvest  Mites).  Soft-skinned,  vel- 
vety, often  highly  colored  mites,  with  tracheae  opening 
at  the  base  of  the  rostrum  or  on  the  cephalothorax,  and 
usually  with  eyes.  Sucking  rostrum  with  styliform 
mandibles  and  uncinate  palpi.  Legs  six-jointed,  termi- 
nated by  a double  hook  together  with  a small  sucker. 

Of  the  large  number  of  terrestrial  mites  included  in 
this  family  only  a few  species  are  parasitic,  but  some  of 
these,  though  only  occasionally  attacking  man,  are  yet 
among  his  most  disagreeable  chance  parasites.  Doubt- 
less many  other  species  than  these  noted  here  may  be 
found  to  attack  him  in  one  place  or  another;  it  is  desir- 
able that  accurate  data  regarding  all  such  species  be  on 
record.  According  to  Joly  and  others,  these  mites  are 
the  passive  carriers  of  infectious  agents,  but  Nuttall 
doubts  this  and  thinks  the  cutaneous  affections  produced 
by  their  presence  on  the  skin  are  due  to  irritating  secre- 
tions of  the  mites.  The  effect  Megnin  produced  by 
binding  on  the  skin  the  dead  bodies  of  one  of  the  most 
toxic  species  tends  to  support  this  view.  To  secondary 
bacterial  infection  brought  about  by  scratching  the  skin 
and  to  reduced  vitality  of  the  latter  referable  to  the 
mites,  are  to  be  attributed  the  extreme  effects  manifested 
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in  tlie  formation  in  some  cases  of  ulcerous  and  running 
sores. 

Pediculoicles  ventricosus  (Newport) = Heteropus  wntri- 
cosus  Newport.  Male  0.12  by  0.08  mm.,  oval,  with  six 
pairs  of  bristles  and  a pyriform  plate  on  the  dorsal  sur- 
face. Female  cylindrical,  0.2  by  0.07  mm.,  with  four 
pairs  of  bristles.  When  gravid  with  posterior  region  in- 
flated to  a sphere  filled  with  developing  eggs,  nearly  2 
mm.  in  diameter,  viviparous. 

This  form  lives  parasitic  on  insect  larvae,  particularly 
those  of  grain.  Numerous  cases  of  accidental  parasitism 
on  grain  shovellers,  or  those  otherwise  engaged  in  hand- 
ling it,  are  reported  from  different  parts  of  France  and 
Germany.  The  bite  of  the  mite  produces  insufferable 
itching  and  excites  a considerable  cutaneous  inflamma- 
tion. 

Similar  troubles  have  been  produced  by  Ta/rsonemus 
intectus  Karpelles  from  Bulgarian  grain  and  Pygmephorus 
uncinatus  (Flemming)  from  Russian  wheat. 

Chelytus  eruditus  (Schrank).  Pale,  rarely  reddish  in 
color,  with  bifid  hook  on  the  palpi.  Length,  0 8 mm. 

This  mite  occurs  at  times  in  old  books  or  among 
dusty  rags,  but  more  commonly  in  stables,  chicken  or 
pigeon  houses,  in  old  feed  bins  and  in  tobacco  store- 
houses, or  wherever  mites  are  abundant.  In  spite  of  its 
predacious  habits,  it  has  not  been  known  to  attack  man, 
and  its  presence  in  fecal  matter  and  in  pus  collected  from 
the  ear,  as  reported  in  various  medical  works,  was  un- 
doubtedly due  to  accidental  introduction.  When  St. 
Peter’s  in  London  was  restored,  this  form  swarmed  in 
myriads  over  workmen  engaged  in  repairing  the  ancient 
tombs. 

Leptus  irritans  Riley.  Color  brick  or  blood  red ; legs 
terminating  in  two  stiff  hairs.  Mandibles  tridentate  at 
end.  Length,  0.24  mm.  (Fig.  255,  C).  Adult  un- 
known. 

This  is  the  larval  form  of  some  unknown,  probably 
plant-feeding  species  which  under  temptation  adopts  a 
habit  as  fatal  for  itself  as  it  is  uncomfortable  for  man. 
Brushed  from  grass  or  shrubbery  on  to  human  clothing, 
it  finds  its  way  to  the  skin  into  which  it  burrows  until 
entirely  buried.  The  resultant  irritation  varies  consider- 
ably with  the  individual  and  in  some  cases  produces  ex- 
treme torture.  The  inflammation  gives  rise  to  a large 
red  blotch  with  paler  spots  and  spreads  rapidly  when  the 
body  is  scratched  in  consequence  of  the  itching. 

This  mite  occurs  over  much  of  the  eastern,  central, 
and  southern  portion  of  this  country,  extending  in  the 
Mississippi  valley  as  far  north  as  central  Iowa  and  being 
very  abundant  in  parts  of  Indiana,  Illinois,  and  Ohio, 
even  as  far  north  as  the  islands  in  Lake  Erie.  In  Wash- 
ington it  is  abundant  from  June  throughout  the  summer, 
and  farther  south  the  season  is  longer.  Osborn  speaks 


of  the  same  species  as  annoying  in  Southern  Mexico  in 
January.  Those  who  are  susceptible  to  the  pest  are  ac- 
customed, on  returning  from  field  excursions,  to  resort  at 
once  to  a hot  bath  with  strong  soap,  or  to  the  use  of  a 
wash  of  dilute  carbolic  acid  to  kill  the  mites  before  they 


Fig.  255.  — Rostrum  of  Ixodes  hexa- 
gonus.  Female,  from  Below.  x 50 
diameters.  (After  Delafond,  from 
Railliet.) 


become  embedded  in  the  skin.  Dilute  alcohol  is  also 
recommended.  At  this  time  it  is  also  possible  by  close 
scrutiny  to  recognize  the  mites  in  the  centre  of  the  in- 
flamed area  and  to  remove  them  individually,  doing 
away  thus  with  the  subsequent  discomfort  to  a large 
extent. 

It  is  interesting  to  note  that  the  invasion  of  the  human 
skin  causes  the  death  of  the  mite  and  prevents  its  reach- 
ing maturity,  a perverted  habit  being  thus  fatal  to  the 
species.  As  a result  the  adult  form  is  not  known,  but 
assumed  as  possibly" 
one  of  the  genus 
Trombidium. 

Leptus  americanus 
Riley  (Fig.  255,  B)  is 
an  associated  form, 
the  effects  of  which 
are  very"  similar. 

The  Continental  spe- 
cies is  L.  autumnalis 
Shaw.  Similar  forms 
are  known  from  all 
regions:  among  these 
that  known  as  Tlal- 
sahuate  in  Mexico, 
and  the  Colorado  of 
Cuba  deserve  men- 
tion . 

Tetranychus  moles- 
tissimus  Weyenberg 

from  Uruguay  and  Argentine,  which  lives  normally  on 
an  aster,  is  of  like  evil  repute. 

The  case  of  Tydeus  molestus  Moniez,  a blind,  rose- 
colored  mite  of  the  family  Bdellidae  or  snouted  mites, 
which  was  discovered  on  a large  estate  in  Belgium  where 
it  first  made  its  appearance  in  1864  after  an  importation 
of  Peruvian  guano,  illustrates  the  chance  introduction 
of  an  undesirable  species.  Each  year  it  appears  at  mid- 
summer and  remains  until  frost,  so  abundant  that  it 
constitutes  a veritable  pest.  It  throws  itself  on  man 
passing  through  the  grass  or  shrubbery  and  produces  an 
insupportable  itching,  lasting  several  days. 

Ixodidos  {Ticks). — The  Ixodidte  are  large  mites  possess  - 
inga  tough  leathery"  skin  to  which  the  six-jointed  legsarc 
attached  directly.  Their  bodies  are  flattened  in  youth, 
but  become  more  or  less  spherical  with  age.  The  rostrum 
or  capitulum  (Fig.  256)  comprises  (1)  a flattened  maxillo- 
labial  hypostome ; (2)  two  elongated  mandibles  inflated 
at  the  base  but  flattened  toward  the  tip ; (3)  two  maxil- 
lary palpi.  The  lower  face  of  hypostome  and  the  ter- 
minal joint  of  the  mandibles  are  supplied  with  recurved 
spines  or  hooks.  The  two  stigmata  are  located  near  the 
base  of  the  fourth  pair  of  legs.  The  larva  are  hexapod, 
the  nymphs  octopod.  The  adults  manifest  striking 
sexual  dimorphism. 

The  ticks  are  temporary  parasites  of  the  land -living 
allantoic  vertebrates,  among  which  the  hosts  are  chosen 
often  largely  by  chance,  No  one  of  them  is  regularly 
parasitic  on  man,  but  almost  any"  of  them  may  be  upon 
occasion,  and  those  species  most  frequently  reported  are 
so  largely  by"  virtue  of  their  greater  frequence  in  general 
or  by  reason  of  circumstances  favoring  their  attachment 
in  the  particular  instance  rather  than  that  they  possess 
any  characteristic  affinity"  for  this  host. 

Naturally  abundant  in  woods  and  among  underbrush 
the  ticks  attach  themselves  to  such  animals  as  pass, 
either  reptiles,  birds,  or  mammals.  For  the  larva;  and 
nymphs  this  is  most  commonly  but  the  means  of  dis- 
persion, but  with  the  impregnated  female  the  parasitism 
becomes  more  definite.  With  the  rostrum  implanted  in 
the  skin  and  anchored  by  the  recurved  teeth,  the  tick 
gorges  itself  with  the  blood  of  the  host  until  the  leathery 
body  has  swollen  to  the  size  of  a castor  bean,  which  it 
strongly  resembles.  Once  fully  satiated  the  female  re- 
leases her  hold  and  falls  to  the  ground,  where  she  deposits 
her  eggs  and  perishes.  If,  however,  the  effort  be  made 
to  remove  the  female  by  force,  only  the  greatest  care 
prevents  leaving  the  rostrum  embedded  in  the  flesh  of 
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the  host,  and  at  best  a portion  of  the  skin  comes  away 
with  the  tick. 

A drop  of  turpentine,  benzin,  petroleum,  or  even 
melted  butter  or  oil  placed  on  the  head  of  the  tick  will 
often  succeed  in  causing  it  to  loosen  its  hold  and  fall 
from  the  host.  Or  it  may  be  torn  or  cut  away,  in  which 
case  the  rostrum  is  left  in  the  skin  to  be  set  free  shortly 


Fig.  257.— Ixodes  hexagonus,  Male,  in  Ventral  Aspect.  X 13.  (After 
Neumann. ) 

by  suppuration.  It  is  worth  mentioning  that  dipping 
is  now  extensively  practised  to  free  cattle  from  the  ticks 
which  are  the  means  of  infection  in  Texas  fever,  though 
the  method  is  still  in  the  experimental  stage. 

The  species  which  have  been  found  upon  man  have 
not  been  reported  with  desirable  accuracy.  Among 
woodehoppers  and  others  of  similar  habits,  I am  informed 
that  the  presence  of  ticks  is  by  no  means  a rarity,  though 
it  rarely  becomes  a matter  of  medical  record  since  the 
animal  falls  off  or  is  removed  by  simple  means  in  a brief 
time  without  noticeable  sequelae.  In  a few  cases,  how- 
ever, dangerous  symptoms  manifest  themselves,  demand- 
ing the  attention  of  the  physician.  These  complications 
may  well  be  due,  as  Railliet  suggests,  to  the  inoculation 
of  infectious  agents.  Thus  he  says  that  Guadeloupe 
ticks  carry  “a  sort  of  glanders,”  due  to  a specific  micro- 
organism, and  Blanchard  believes  that  the  bacilli  of  an- 
thrax and  tetanus  may  be  also  transported  in  this  way. 
Nuttall,  however,  regards  the  evidence  as  unsatisfactory. 

The  two  sub-families  Ixodinse  and  Argasime  may  be 
distinguished  easily  by  the  position  of  the  rostrum,  which 
is  terminal  in  the  former  and,  at  least  in  the  adult,  be- 
low  the  anterior  margin  of  the  body  in  the  latter. 

Ixodes  reduvius  (L.)  (The  Castor  Bean  Tick) =/.  rici- 
nus~L.  Male:  brown  oval,  larger  posteriorly,  2.5  mm. 
long  by  1.5  mm.  broad.  Female:  4 mm.  long  and  3 mm. 
broad,  or  when  gorged  10  to  11  mm.  long  by  6 to  7 mm. 
broad,  ashen  gray  tending  to  brown  or  yelloAV. 

The  marked  sexual  dimorphism  manifested  by  this 
species  was  the  reason  that  the  male  and  female  were 
originally  described  as  different  species.  It  is  common 
in  Europe  and  throughout  the  southern  United  States 
from  Maryland  to  Kansas  and  California.  As  host  it 
apparently  prefers  sheep,  goat,  or  beef,  less  often  horse, 
dog,  cat,  and  even  man.  Numerous  cases  of  septicaemia 
apparently  resulting  from  the  bite  of  this  species  are 
recorded  by  European  authors.  In  Norway  emphasis 
is  laid  on  the  importance  of  not  tearing  off  the  head  of  a 
tick  that  has  begun  to  bore  itself  into  the  skin.  This  is 
undoubtedly  a wise  precaution,  and  the  tick  may  be  re- 
moved without  damage  to  the  skin  by  the  use  of  butter, 
oil,  gasolene,  or  turpentine  as  mentioned  above. 

Ixodes  hexagonus  Leach  (The  European  Dog  Tick).  In 
color,  form,  and  size  much  like  the  preceding,  this  form 
may  be  distinguished  by  the  shorter  rostrum  (Fig.  257) 


and  by  the  tarsi  which  are  also  shorter  and  inflated  tow- 
ard the  end.  The  male  (Fig.  257)  of  this  species  is  also 
larger,  measuring  3.5  to  4 mm.  by  2 to  2.5  mm. 

This,  the  common  dog  tick  of  Europe,  occurs  over  the 
entire  region  east  of  the  Rocky  Mountains,  where  it  is 
reported  from  a large  number  of  hosts.  Blanchard  cites 
cases  in  which  it  has  even  penetrated  below  the  human 
skin. 

The  presence  of  eyes  distinguishes  sufficiently  the 
genus  Amblyomma , which  includes  a large  number  of 
species,  from  Ixodes , as  the  absence  of  adanal  plates 
separates  the  former  from  Hyalomma , a genus  not  yet 
reported  in  this  country;  to  this  genus  belongs  the 
African  or  Senegal  tick,  common  in  tropical  regions, . 
especially  of  Africa,  and  introduced  on  cattle  into  sub- 
tropical lands  adjacent  thereto, 
where  it  has  been  frequently  re- 
ported on  man  as  the  cause  of  in 
tense  fevers;  probably  the  tick  was 
only  the  agency  in  transporting  the 
infection. 

Amblyomma  americanum  Koch 
(The  Lone  Star  Tick)=Ziwtes  uni- 
punctata  Packard.  Male:  body 
brownish-red,  oval,  much  elongated 
posteriorly,  3 mm.  long,  2.5  mm. 
broad.  Female  (young)  colored  like 
the  male  with  a white  spot  on  the 
back  of  the  living  animal.  Length 
4.5  mm.,  breadth  3 mm.,  increasing  in  gravid  females  to 
8 by  12  mm.  (Fig.  258). 

This  characteristic  American  species  occurs  from  Lab- 
rador to  Florida  and  Texas  and  is  known  from  South 
America  as  well.  It  is  common  on  cattle  in  the  southern 
part  of  the  United  States,  and  is  reported  from  other 
domesticated  as  well  as  wild  species.  Packard  reports  a 
case  in  which  a specimen  had  penetrated  into  the  arm  of 
a young  girl,  forming  there  a tumor.  It  is  said  to  be 
very  annoying  to  man  in  the  warmer  portions  of  the 
country,  and  a correspondent  in  Texas  writes  that  he  re- 
moved several  females  from  his  own  children  in  one 
evening. 

Dermacentor  americanus  (L.)  (The  American  Dog  Tick) 
—Ixodes  americanus  Gervais,  I.  naponensis  and  I.  albi- 


Fig.  259.— Dermacentor  americanus.  Dorsal  view  ot  male.  X 10. 
(After  Osborn.) 


pictus  Packard.  The  body  and  margins  of  the  legs  are 
marked  by  silver-white  lines  and  blotches.  When  gorged, 
the  female  measures  as  much  as  14  mm.  in  length  by  9 
mm.  in  breadth. 

This  most  common  dog  tick  (Fig.  259)  is  reported  from 
almost  every  State  in  the  Union  as  well  as  from  Labrador, 


Fig.  258.  — Amblyomma 
americanum  K o c b , 
Adult  female.  (Orig- 
inal.) 
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Alaska,  and  Mexico.  The  dog,  cattle,  and  man  are  its 
most  regular  hosts,  though  a number  of  others  are  on 
record. 

Bhipicephalvs  a/nnulatus  (Say )= Ixodes  bovis  Riley ; Boo- 
philus  bovis  Curtice.  Female:  body  elliptical,  slightly 
constricted  at  the  middle,  up  to  13  mm.  long  by  7.5 
mm.  broad.  Reddish-brown  with  two  longitudinal  im- 
pressions above  the  constriction  arid  one  below  it.  Ros- 
trum very  short.  Male,  oval,  2.15  to  2.35  mm.  long  by 
1.3  mm.  broad. 

This  most  common  of  cattle  ticks  in  the  Southern  States 
deserves  mention  hereby  virtue  of  its  role  in  Texas-fever 
epidemics  among  cattle.  It  has  been  conclusively  de- 
monstrated that  this  form  acts  as  agent  in  transmitting 
the  organism  which  causes  Texas  fever,  and  this  so-called 
“ romance  of  pathology  ” is  now  an  established  fact. 
This  tick  is  abundant  south  of  the  Maryland-Kansas  line 
and  throughout  Mexico  and  Central  America;  even  in 
Australia,  Asia,  and  especially  Africa  its  presence  is  also 
recorded.  In  Guadeloupe  it  goes  under  the  name  of  the 
“ Creole  tick  ” as  against  the  “ Senegal  tick  ” (Ilyalomma 
cegyptixim)  previously  mentioned. 

Although  I have  found  no  record  of  the  parasitism  of 
this  tick  on  man,  a correspondent  in  Texas  writes  that  it 
does  attach  itself,  though  rarely,  to  the  human  skin,  in 
which  situation  he  has  seen  it  a half-dozen  times  in  the 
last  ten  years.  Similar  occurrences,  though  infrequent, 
may  be  expected  in  regions  where  the  species  is  abun- 
dant. The  bite  of  Ilyalomma  cegyptium,  the  Senegal  tick, 
may  cause  severe  local  effects  in  man,  attributed  by 
some  to  the  entrance  of  pathogenic  germs.  Such  results 
are  of  course  most  probable  in  tropical  and  sub-tropical 
regions,  and  may  also  at  times  follow  the  bite  of  this 
species. 

The  sub-family  of  the  Argasinte  includes  ticks  which 
are  parasitic  on  warm-blooded  vertebrates,  more  particu- 
larly on  birds,  but  which  are  frequent  accidental  para- 
sites of  man  and  occasionally  the  cause  of  serious  incon- 
venience  at  least.  The  common  European  form,  Argas 


Fig.  260.— Argas  americanus ; Dorsal  and  Ventral  Aspects.  Enlarged. 

(After  Marx.) 

reflexus,  which  lives  in  pigeon  roosts  but  attacks  also 
chickens  and  even  man,  is  represented  in  this  country  by 
the  following  closely  related  species: 

Argas  americanus  Packard  (The  Chicken  Tick).  Body 
very  flat  and  thin,  oval,  4 to  6 mm.  long,  2.5  to  3.5  mm. 
broad,  brownish-red  uniformly  tinted,  integument  pitted, 
with  the  pits  larger  near  the  middle,  becoming  smaller 
toward  the  edges. 

This  tick  (Fig.  260)  attacks  especially  chickens  and 
turkeys.  It  is  probably  the  “Argas  cliinche,”  said  by 
Goudot  to  be  abundant  in  Colombia  and  to  resemble  the 
bedbug  in  habits  as  in  appearance;  there  it  torments 
especially  the  human  species.  It  lives  in  the  chinks  of 
woodwork  and  walls,  from  which  it  sallies  forth  at  night 
to  feast  on  the  blood  of  some  convenient  host.  These 
mites  are  very  hardy  and  have  been  known  to  live  in 
abandoned  dove  cotes  from  eight  to  forty-eight  months 
without  food.  The  bite  of  the  European  form  (A.  re- 
flexus) undoubtedly  causes  serious  consequences  at  times, 
chiefly  in  the  case  of  infants  and  children,  or  of  individ- 
uals highly  susceptible  to  urticaria  factitia,  causing 
oedema  of  the  part  or  even  of  the  entire  body,  together 
with  intense  pruritus  lasting  several  days.  For  a record 
of  the  cases  and  details  see  Brandes.  Records  of  the 


American  species  are  scanty,  but  it  is  said  to  attack 
sleeping  men  and  animals,  producing  in  the  former  der- 
mal irritation  of  a grave  character. 

The  Argas  persicus,  or  Miana  bug,  is  an  Eastern  species 
of  some  reputation  which  is  said  to  molest  travellers  in 
Persia,  and  the  bite  is  believed  to  be  accompanied  at 
times  by  serious  consequences.  The  general  report,  ac- 
cording to  which  the  bite  of  these  ticks  is  especially 
dangerous  during  the  hot  months,  may  find  its  justifica- 
tion in  the  transmission  by  this  means  of  some  tropical 
disease  germ,  as  has  been  demonstrated  in  the  case  of 
Texas  fever.  The  acute  symptoms  which  may  he  mani- 
fested at  any  season  are  believed  to  be  due  to  a poison- 
ous saliva,  and  the  experiment  of  Megnin  on  a specimen 
kept  in  confinement  for  four  years  certainly  does  not  de- 
monstrate the  harmless  character  of  the  tick.  “ Bacteria 
may  of  course  gain  access  to  the  wounds  inflicted,  which 
are  possibly  more  prone  to  infection  in  consequence  of 
the  injurious  influences  of  the  secretions  of  the  Argas. 
Depending  on  the  character  of  the  organisms  introduced, 
the  later  symptoms  will  naturally  vary  ” (Nuttali).  Ar- 
gas sdnehezi  of  California  and  Mexico,  which  is  very 
closely  related  to  A.  persicus , does  not  enjoy  a similar 
reputation. 

Ornithodoros  turicata , found  in  the  Gulf  States  and  in 
Mexico,  and  0.  talaje  of  Central  and  South  America,  are 
forms  not  well  known,  which  encroach  upon  our  south 
ern  borders.  The  first  is  parasitic  upon  the  pig  and  man. 
Its  bite  is  painful  and  may  produce  dangerous  symp- 
toms. Ileary  B.  Ward. 

Principal  articles  Used. 

Brandes:  Argas  reflexus  als  gelegentlicher  Parasit  des  Menseben. 

Centralbl.  I.  Bakt.  und  Par.,  I.  Abt.,  Bd.  xxii.,  pp.  "46-52,  1897. 
Braun  : Die  thierischen  Parasiten  des  Menseben,  zweite  Aufl.,  Wurz- 
burg, 1895. 

Canestrini  und  Kramer : Demodieidae  und  Sarcoptid®.  DasTierreicb; 
7.  Lief.,  Berlin,  1899. 

Hessler:  An  Extreme  Case  of  Parasitism.  Indiana  Academy  of 
Science,  1898;  also  Amer.  Naturalist,  vol.  xxvii.,  pp.  846-52,  1898. 
Leuckart:  Bau  und  Entwicklung  d.  Pentast.,  Leipzig,  1860. 

Megnin : Les  parasites  et  les  maladies  parasitaires,  Paris,  1880. 

Murray : Economic  Entomology.  Aptera,  London,  1877. 

Neumann  : Parasites  and  Parasitic  Diseases  of  Domesticated  Animals. 
Translated  by  Flemming,  London,  1892.  Revision  de  la  famille  des 
Ixodides.  Mem.  Soc.  Zool.  France,  vol.  ix.,  pp.  1-44 : x.,  pp.  324-420 ; 
xii.,  pp.  107-294,  1896-99. 

Nuttali : Insects,  Arachnids,  and  Myriapods  as  Carriers  of  Disease. 
Johns  Hopkins  Hospital  Reports,  vol.  viii.,  pp.  1-154,  with  3 plates, 
1899. 

Osborn:  Insects  Affecting  Domestic  Animals.  United  States  Dept. 

Agr.,  Div.  Entom.,  Bull.  5,  N.  S.,  18i)6. 

Packard:  Guide  to  the  Study  of  Insects,  sixth  edition.  New  York. 
1878. 

Railliet:  Traite  de  Zool.  Med.  et  Agric.,  2me  ed.,  Paris.  189:1-95. 

Riley : Poisonous  Insects.  First  edition  Reference  Handb.of  the  Med. 
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ARAGON,  BATHS  OF.— These  baths  are  located  in 
the  Aragon  Hacienda,  municipality  of  Guadalupe  Hi- 
dalgo. The  situation  is  4 km.  from  the  Guadalupe 
Hidalgo  and  is  accessible  by  the  electric  railway  line  be- 
tween Mexico  and  Guadalupe. 

According  to  an  analysis  by  Prof.  G.  Mendoza  the 
water  is  composed  as  follows : 


One  United  States  Gallon  Contains: 


Solids.  Grains. 

Iron  bicarbonate 3.82 

Sodium  bicarbonate  . ! 3.42 

Potassium  bicarbonate 0.37 

Calcium  bicarbonate 0.15 

Magnesium  bicarbonate 0.16 

Sodium  chloride 0.38 

Silica 5.68 

Free  chromic  acid  (?) 4.52 


Total 18.50 


The  water  is  heavily  charged  with  carbonic-acid  gas. 
It  has  a temperature  of  77  F.  and  a density  of  1.021. 
It  may  be  classified  as  a carbonated  chalybeate  water,  and 
possesses  strong  tonic  properties.  It  has  been  found  very 
useful  in  anaemia,  chlorosis,  and  kindred  disorders. 

A*.  J.  Ponce  de  Leon. 
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ARALI ACE/E. — ( The  Ivy  Family.)  A family  of  some 
forty  genera  and  about  four  hundred  species,  widely  dis- 
tributed through  temperate  and  tropical  regions  of  both 
the  old  and  the  new  worlds.  Its  plants  are  highly  orna- 
mental, some,  like  the  ivy,  being  extensively  cultivated 
for  this  purpose.  Medicinally,  it  is  of  note  as  yielding 
the  famous  ginsing.  Its  constituents  are  simply  aro 
matic  and  without  special  properties.  The  spikenard, 
and  several  other  species  of  aralia,  were  formerly  very 
extensively  used,  and  are  still  used  to  a considerable  ex 
tent,  for  these  properties.  Some  of  them  contain  ama- 
roids  in  connection  with  their  resins  and  volatile  oils. 

II.  H.  Busby. 

ARBOR  VIT /E. — (Thuja.  The  fresh  tops  of  Thuja 
occidental is  L.,  Fam.  Coniferce.)  This  is  a North  Ameri 
can  tree,  growing  abundantly  in  Canada  and  the  Northern 
States,  and  extending  at  higher  elevations  as  far  south 
as  Pennsylvania  and  Virginia  It  is  a middling  or  good- 
sized  evergreen  tree  with  spreading  and  graceful 
branches,  and  a fine,  often  large,  trunk,  which  supplies 
a close-grained,  durable  wood.  It  is  occasionally  planted 
here  for  ornament,  but  more  often  abroad,  where  it  is 
valued  as  a garden  tree ; the  Arbor  vitae  of  our  gardens  is 
usually  the  smaller,  closer,  erect-branching  Thuja  ori- 
entals Linn,  of  Asia,  which  is  a favorite  hedge  plant. 
The  genus  to  which  these  belong  is  a small  one  of  only 
a dozen  species. 

The  twigs  were  thus  described  in  the  Pharmacopoeia, 
edition  of  1880:  “Twigs  flattisli,  two-edged,  the  scale 
like  leaves  appressed  and  closely  imbricate  in  four  rows, 
rhombic-ovate,  obtusely  pointed,  with  a roundish  gland 
upon  the  back ; of  a balsamic,  somewhat  terebintliinate 
odor,  and  a pungently  aromatic,  camphoraceous,  and 
bitter  taste.” 

Arbor  vitae  contains  about  one  per  cent,  of  a volatile 
oil , something  like  that  of  juniper;  tannic  acid  (pini- 
tannic);  a minute  amount  of  a glucoside  called  thvjin, 
etc. 

Medical  Properties. — Astringent,  diuretic,  expecto- 
rant, tonic,  etc.,  in  no  direction  of  much  value.  Some 
times  used  for  cough ; a tincture  is  employed  occasion 
ally  for  external  use  upon  ulcers,  rheumatic  joints,  etc. 
Dose,  2 to  4 gm.  An  alcoholic  fluid  extract  would  be  a 
suitable  preparation.  W.  P.  Bolles. 

ARCACHON. — The  town  of  Arcachon  lies  about  thirty 
miles  southwest  of  Bordeaux,  on  the  margin  of  a very 
extensive  salt-water  lake,  and  some  ten  miles  back  from 
the  Atlantic  coast.  The  modern  origin  of  the  town  is 
indicated  by  the  motto  inscribed  upon  its  coat-of-arms, 
Heri  solitvdo,  hodie  pagus,  eras  civitas ; which  motto  is 
also  an  indication  of  the  former  character  of  the  sur- 
rounding country.  A desert  waste  of  barren  sand  dunes 
extended  for  many  miles  in  every  direction  about  the 
present  site  of  Arcachon,  until  the  French  Government, 
some  fifty  years  ago,  conceived  the  project  of  planting 
these  dunes  with  pine  forests,  as  a means  of  immobiliz 
ing  the  sand  which,  driven  by  the  fury  of  the  Atlantic 
gales,  was  continually  encroaching  more  and  more  upon 
the  country  of  the  interior.  A thick  forest  of  these  trees 
(Pinus  maritima)  now  covers  the  whole  face  of  the  coun- 
try, and  by  these  pine-covered  sand  hills  the  site  selected 
(in  1854)  for  the  now  well-known  sea-coast  resort  of 
Arcachon  is  shut  in  and  protected  on  every  side  except 
upon  the  north,  which  is  occupied  by  the  great  salt- 
water lake  above  mentioned,  upon  whose  southern  shore 
the  town  is  built. 

[There  are  nine  thousand  acres  of  these  pine  trees, 
which  produce  a most  peculiar  stillness — owing  to  the 
deep  sand  roads  and  walks  not  giving  any  sound,  and 
the  pine  trees  having  no  leaves  to  rustle. — E.  0.  0.~\ 

From  its  close  proximity  to  the  Atlantic  Ocean,  Arca- 
chon necessarily  possesses  a climate  characterized  by  the 
moderate  moisture  of  atmosphere,  and  by  the  equability 
of  temperature  proper  to  most  maritime  stations.  The 
direction  of  the  prevailing  winds,  which  in  this  region 
blow  from  the  ocean,  is  an  important  factor  insuring  to 


this  sea-coast  station  its  proper  maritime  climate.  From 
the  direct  violence  of  the  Atlantic  gales,  as  well  as  from 
the  winds  blowing  from  the  east  and  south,  Arcachon 
is  sheltered  by  the  dense  pine  forest  which  clothes  the 
surrounding  sand  dunes ; while  the  sandy  nature  of  its 
soil  serves  in  some  measure  to  diminish  the  tendency  to 
excessive  atmospheric  humidity  which  might,  perhaps, 
be  expected  to  exist  in  a region  thus  exposed  to  ocean 
winds. 

Winds  blowing  from  the  north  and  from  the  northeast 
reach  Arcachon  after  passing  over  its  great  lake  or  land- 
locked bay,  the  circumference  of  which  is  stated  by  Dr. 
J.  H.  Bennet  to  be  sixty-eight  miles  in  length.  Such 
north  and  northeast  winds,  therefore,  “become  some- 
what warmed  in  winter,  and  their  irritating  diyness 
diminished,  while  it  is  maintained  that  they  also  bring 
from  the  surface  of  this  unusually  salt  sea  water,  and 
from  the  vast  extent  of  sands  exposed  by  the  retreating 
tides,  an  appreciable  amount  of  saline  and  other  marine 
emanations,  to  give  a special  efficacy  to  the  air  in  certain 
scrofulous  conditions  ” (“  Health  Resortsand  Their  Uses,” 
by  J.  Burney  Yeo,  M.D.,  p 261).  According  to  the 
author  just  quoted,  the  prevailing  winds  at  Arcachon, 
namely,  the  sea  winds  blowing  from  the  northwest,  west, 
and  southwest,  occur  most  frequently  from  December  to 
February,  “usually  blow  continuously  day  and  night  for 
several  days  in  succession  . . . often  blow  with  great 
violence,  and  were  it  not  for  the  protection  of  the  lofty 
pine-trees  . . . would  form  a serious  drawback  to  the 
climate.”  The  average  number  of  rainy  days  in  that 
portion  of  France  in  which  Arcachon  is  situated  is  stated 
by  Lombard  to  be  one  hundred  and  thirty,  while  the 
total  amount  of  the  annual  rainfall  is  twenty-three 
inches,  a greater  part  of  which  falls  during  the  winter 
and  autumn  months  than  during  the  spring  and  summer 
seasons 

The  mean  temperature  for  the  year  at  Arcachon  is 
59°  F. ; the  mean  temperature  of  the  winter  season  46.4° 
F.  to  50°  F.  (Lombard).  At  Bordeaux  the  mean  winter 
temperature  (according  to  the  same  author)  is  43. 7°  F. , 
and  the  mean  annual  temperature  is  55.6°.  A very  pro- 
nounced difference  of  temperature  between  these  two 
points  is  thus  made  manifest  despite  the  trifling  differ- 
ence in  latitude  existing  between  them.  According  to 
data  quoted  from  Dr.  G.  Ilameau  in  the  “ Dictionnaire 
Usuel  des  Sciences  Medicales,”  the  result  of  a series  of 
thermometric  observations  taken  in  the  pine  woods  at 
Arcachon,  and  covering  a period  of  ten  years,  showed 
the  mean  annual  temperature  at  8 a.m.  to  be  55.76°  F., 
and  at  noon  to  be  59.96°  F. ; for  the  minimum  tempera- 
tures the  annual  mean  was  found  to  be  46.94°  F. ; for 
the  maximum  temperatures  it  was  66.2°  F. 

Arcachon  is  both  a summer  and  a winter  resort,  and 
there  are  two  distinct  portions  of  the  town,  the  one, 
adapted  for  residence  during  the  w?wmer  months,  lying 
directly  on  the  shore  of  the  salt-water  lake  or  basin,  and 
possessing  facilities  for  bathing ; the  other  lying  away 
from  the  water  in  the  midst  of  the  pine  forest,  separated 
from  the  shore  town  by  a high  sand  dune,  and  consist- 
ing of  “ numerous  villa  residences  actually  built  in  the 
forest,  each  house  being  surrounded  by  pine  trees  ” (Dr. 
J.  Burney  Yeo,  op.  cit.).  This  latter  section  is  known  as 
the  Ville  d’Hiver,  or  winter  town,  while  the  former  is 
called  the  Plage,  or  beach.  Of  this  Plage,  Dr.  Yeo  re- 
marks that  it  is  “ occupied  by  somewhat  closely  packed 
streets  and  houses,”  and  becomes  in  summer  time  “a  sort 
of  Margate  for  the  population  of  Bordeaux.”  Dr.  J.  H. 
Bennet  says  of  Arcachon  that  it  is  “ a pretty  sea-side  town 
. . . with  good  hotels,  picturesque  villas,  convenient 
and  handsome  club  house  and  baths— indeed,  all  the 
appurtenances  of  advanced  civilization.  The  summer 
town  is  built  on  the  sandy  shore  of  tfie  great  lake  or  sea, 
which  affords  excellent  bathing.  The  lake  itself,  from 
its  great  extent  and  from  its  being  landlocked  on  every 
side,  offers  every  possible  facility  for  safe  boating, 
yachting,  and  fishing.”  After  describing  the  Ville 
d’Hiver  and  giving  much  other  interesting  information 
concerning  Arcachon  in  his  entertaining  book,  “ Winter 
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Cerium. 

Cestoda. 


may  happen,  there  be  no  benefit  for  the  first  two  or  three 
days;  and  especially  should  doses  be  given  on  the  empty 
stomach  early  in  the  morning  and  late  at  night.* 

Edward  Curtis. 

CERVICAL  FISTULA.  See  Teratology. 

CERVICO-BRACHIAL  NEURALGIA.  See  Neuralgia. 

CERVICO-OCCIPITAL  NEURALGIA.  See  Neuralgia. 

CESTODA. f — The  branch  or  Phylum  Platyhelminthes, 
commonly  known  as  the  Flat  Worms,  is  characterized 
by  a bilaterally  symmetrical  body  somewhat  flattened 
dorso-ventrally  and  usually  elongate,  by 
the  mass  of  parenchymatous  tissue  which 
fills  all  the  spaces  of  the  body,  by  the  ab- 
sence of  any  true  body  cavity,  by  a pro- 
tonephridial  excretory  system,  and  by 
the  complicated  sexual  apparatus  which 
with  rare  exceptions  is  hermaphroditic,  and 
which  produces  so  called  compound  eggs. 

Among  the  most  prominent  orders  of  the 
branch  are  the  Trematoda  or  Flukes  ( q . v. ) 
and  the  Cestoda  or  Tapeworms  to  be  con- 
sidered here. 

The  order  Cestoda  includes  a large  num- 
ber of  forms  which  manifest  considerable 
differences  in  anatomical  detail,  but  are 
comparatively  uniform  in  general  appear- 
ance and  structure.  The  small  group  of 
Cestodaria,  or  Monozoa,  which  differ  from  all  others  in 
possessing  but  a single  set  of  reproductive  organs,  and 
consequently  but  a single  segment  in  the  body,  is  in- 
cluded by  some  investigators  in  the  order  under  con- 
sideration, but  by  others  placed  intermediate  between 
the  trematodes  and  the  cestodes,  forming  as  it  undoubt- 
edly does  a group  transitional  from  the  one  order  to  the 
other.  The  species  of  Cestodaria  are,  however,  rare  and 
infest  the  lower  animals,  so  that  they  will  not  be  dis- 
cussed here. 

In  the  Cestoda  s.  str.  the  body  is  characteristically  rib- 
bon-like and  divided  into  “links,”  segments,  or  proglot- 
tides. In  most  cases,  including  all  the  tapeworms  of  man, 
the  segmentation  is  evident 
externally.  At  the  posterior 
end  of  the  chain  the  proglot- 
tides are  larger  and  more  dis- 
tinct, and  often  so  loosely 
attached  as  to  separate  from 
the  series  under  the  slightest 
disturbance.  In  fact  such 
separation  takes  place  nor- 
mally as  the  segments  become 
ripe.  Toward  the  other  end 
of  the  chain  the  proglottides 
grow  gradually  smaller  and 
less  distinct  until  near  the  an- 
terior end  it  is  usual  to  find  a 
short  region,  the  neck,  in 
which  no  trace  of  segmenta- 
tion is  visible.  The  anterior 
end  has  the  form  of  a bul- 
bous swelling,  known  as  the 
head  or  scolex  (Fig.  1203),  on 
which  are  borne  the  organs  of 
fixation.  The  latter  are  either 
Fig.  1203.  — Anterior  End  of  suckers,  hooks,  or  both,  and 

Tcmna  solium , Showing:  niqv  h 

Scolex,  Suckers,  Rostellum  ,e  suckers  may  DC  eitnci 

with  Hooks,  and  Neck,  x 45.  elongate  grooves  or  bothridia, 
cup-shaped  hollows  or  aceta- 
bula,  or,  as  in  some  marine  tapeworms,  of  a folded  form 
which  is  much  more  complicated. 

At  the  apex  of  the  head  is  found  in  the  Tteniadre  a 


* Report  to  New  York  Therapeutical  Society ; the  Medical  Record, 
June  12th,  1880. 

+A  general  discussion  of  parasitism  and  its  effects  will  be  found 
under  the  heading  Parasites. 


muscular  organ,  the  rostellum  which  bears  the  hooks, 
usually  in  one  or  more  annular  rows.  In  form  and  de- 
gree of  development  the  rostellum  is  a very  variable 
organ ; at  the  one  extreme  in  Taenia  saginata  it  is  reduced 
to  a small  muscular  sucking  apparatus,  often  spoken  of 
as  the  apical  or  fifth  sucker  of  that  species,  while  in  other 
forms  it  is  powerfully  developed  and  capable  of  exten- 
sion or  retraction  into  a pocket  at  the  apex  of  the  scolex. 
It  is  a valuable  feature  in  the  distinction  of  various  species. 

In  the  head  one  finds  the  central  nervous  system  in  the 
form  of  a bilateral  ganglionic  mass  with  one  or  two  ring- 
like commissures  from  which  nerves  are  given  off  directly 
to  the  suckers  and  rostellum,  and  from  which  the  longi- 
tudinal nerve  trunks  pass  backward  throughout  the 


length  of  the  chain.  Three  of  these  trunks,  the  main 
lateral  nerve  (Fig.  1204,  In)  and  two  minor  {In')  are 
grouped  together  on  each  side  of  the  proglottis,  while  the 
two  dorsal  and  the  two  ventral  longitudinal  nerves  (In") 
are  located  nearer  the  median  line.  The  various  longitud- 
inal trunks  are  connected  by  commissures  which  at  stated 
intervals  pass  around  the  proglottis;  they  also  give  off 
branches  by  which  the  various  organs  are  innervated. 

Near  the  lateral  nerve  trunks  are  located  the  main 
longitudinal  caDals  (lex)  of  the  excretory  system  which 
originate  in  an  irregular  network  in  the  head  and  from 
which  are  given  off  numerous  branches  often  in  the  form 
of  a network  of  fine  vessels  in  each  proglottis.  In  many 
forms  a prominent  transverse  canal  near  the  posterior 
margin  of  each  proglottis  joins  the  longitudinal  canals 
(cf.  Fig.  1205,  0).  Terminating  the  finer  canals  of  this 
system  are  found  the  characteristic  flame  cells  which  are 
peculiar  to  this  type  of  excretory  system. 

A cross  section  of  a proglottis  (Fig.  1204)  shows  the 
various  layers  of  which  it  is  composed.  Externally  the 
cuticula,  a resistant,  elastic  membrane,  covers  the  body 
and  is  reflected  a short  distance  inward  at  the  various 
external  orifices.  The  older  view,  by  virtue  of  which  an 
epithelium  is  wanting  in  cestodes  and  the  outer  layer 
represents  a basement  membrane,  has  been  definitely  set 
aside  by  the  recent  investigations  of  Blochmann;  the 
cuticula  is  really  the  product  of  the  subcuticular  cells, 
though  they  are  apparently  separated  from  it  by  a con- 
siderable interval.  Immediately  beneath  it  occurs  a deli- 
cate double  layer  of  dermal  muscles,  having  externally 
circular,  and  internally  longitudinal  fibres,  the  myoblasts 
of  which  lie  deeper  in  the  body.  Between  these  fibres 
the  bases  of  the  subcuticular  cells  extend  from  the  cutic- 
ula to  the  deeper  lying  bodies  of  the  cells;  the  remain- 
ing space  of  the  body  between  the  various  organs  is  tilled 
with  parenchymatous  tissue.  Within  the  parenchyma 
occur  usually  large  numbers  of  calcareous  bodies,  highly 
refractive  spherical  or  oval  masses  of  small  size,  the 
function  of  which  is  yet  uncertain.  They  are,  however, 
characteristic  features  of  cestode  structure. 

The  cross  section  is  divided  by  the  parenchyme  or  body 
musculature  into  two  regions,  an  external  cortical  layer 
and  the  median  area  or  medullary  region.  In  the  latter 
are  found  most  of  the  reproductive  organs,  although  in 
the  Bothriocephalidte  the  vitellaria  lie  in  the  cortical 
layer.  The  body  muscles  are  of  three  sets,  longitudinal, 
transverse,  and  dorso- ventral  or  sagittal.  The  longitudinal 


Fig.  1204.— Transection  of  Proglottis  of  Tcenia  solium , Somewhat  Diagrammatic.  In. 
Main  lateral  nerve ; In',  accessory  lateral  nerve ; In’,  ventral  longitudinal  nerve ; lex, 
longitudinal  excretory  canal ; ml,  longitudinal  body  muscles ; me.  transverse  body 
muscles.  The  section  is  represented  as  having  cut  one  of  the  ring  commissures 
throughout  nearly  its  entire  extent,  (Original.) 


€estoda. 

Cestoda. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


muscles  (Fig.  1204,  ml)  form  the  outer  layer  of  the  mus- 
cular mass  broken  only  at  the  sexual  pore,  and  though 
variable  in  amount  are  always  numerous.  The  transverse 
muscles  (me),  often  called  circular,  constitute  a plate  just 
within  the  longitudinal  fibres ; at  the  side  these  fibres  in- 
tersect and  spread  through  the  longitudinal  muscles  like 


H.  IP. 


Fig.  1205.— Sexually  Mature  Proglottis  of  Tcenia  saginata.  C, 
Transverse  commissure  of  excretory  canals;  CZ,  genital  cloaca; 
D.st .,  vitellarium;  H,  testicular  follicles;  N , lateral  nerve  trunk; 
Or,  ovary ; Ut,  uterus ; IF,  longitudinal  excretory  canal.  X 10. 

the  rays  of  a fan.  The  sagittal  fibres  extend  singly  or  in 
small  bundles  from  dorsal  to  ventral  surfaces  directly 
through  the  proglottid;  they  are  scattered  and  not  so 
numerous  as  the  other  systems  of  fibres. 

Absolutely  no  trace  of  an  alimentary  tract  has  yet  been 
discovered  in  the  cestodes.  Imbibition  is  the  only  known 
method  of  taking  food,  and  the  adult  tapeworms  are  ac- 


vit.  ut.  cir.  vd. 


vit.d.  sh.gl.  ovd.  ov. 

Pig.  1206.— Central  Portion  of  the  Sexually  Mature  Proglottis  of 
Dibothrioeephalm  lcitus  from  the  Ventral  Surface,  cir , Cirrus  sac. ; 
or.,  ovary;  ovd.,  oviduct;  sZi.f/Z., shell  gland ; ut.,  loop  of  uterus; 
t'af/.,  vagina ; vd.,  coil  of  dorsal  vas  deferens ; vit.,  vitellaria ; vit.d., 
yolk  duct.  The  numerous  follicular  testes  lie  beneath,  i.e.,  dorsal 
io  the  vitellaria  shown  here.  (After  Sommer  and  Landois.) 

•cordingly  limited  to  those  organs,  alimentary  canal  and 
serous  cavities,  in  which  the  parasite  is  bathed  in  a nutri- 
ent fluid. 

The  organs  of  the  reproductive  system  are  grouped  so 
that  each  proglottis  contains  a complete  set,  and  even 
when  tin'  body  is  not  segmented  externally,  examination 
of  the  internal  structure  shows  them  to  be  repeated. 
Each  proglottis  contains  all  the  organs  of  both  sexes 


(Fig.  1209)  and  appears  in  this  respect  a complete  her- 
maphroditic individual.  The  organs  first  make  their  ap- 
pearance in  the  anterior  proglottides  as  indistinct  cords 
of  cells  which  gradually  assume  the  character  of  the 
sexually  mature  condition.  In  general  the  male  organs 
reach  maturity  a little  in  advance  of  the  female,  and 
copulation  with  an  older  proglottis  of  the  same  or  of  a 
different  chain  may  hence  be  inferred.  The  male  system 
consist  of  numerous  small  testes,  the  vasa  efferentia  of 
which  unite  near  the  centre  of  the  segment  to  a common 
vas  deferens,  and  the  latter,  which  is  commonly  provided 
with  an  enlargement,  the  vesicula  seminalis,  and  which 
terminates  in  a copulatory  organ,  the  cirrus,  opens  with 
the  vagina  into  a genital  cloaca  (cl)  at  the  common  genital 
pore,  located  either  at  the  margin  or  on  the  surface  of 
the  segment.  The  female  organs  may 
be  said  to  take  their  origin  from  the 
genital  pore  with  the  vagina  which 
leads  inward,  furnished  at  some  point 
with  an  enlargement,  the  receptaculum 
seminis,  in  which  the  supply  of  sperm 
is  stored  up.  The  ovary,  either  single 
or  paired,  empties  by  an  oviduct  which 
joins  the  vagina  near  the  shell  gland 
and  which  often  has  near  its  origin  a 
muscular  organ,  the  oocapt,  by  which 
the  eggs  are  taken  from  the  ovary  and 
forced  onward  to  the  vagina.  The 
vitellarium  is  a single,  large  racemose 
gland  (D.st.,  Fig.  1205),  ora  multitude  fig.  1207.  — Ripe 
of  small  follicles  (vit. , Fig.  1206)  in  Proglottis  of 
which  are  produced  the  masses  of  yolk  Tc.ri!1 Rinata 
material  to  be  included  in  the  eggs.  uterus.  x2. 
. Vitelline  duct  and  oviduct  join  the  con-  (After  Braun.) 
tinuation  of  the  vaginal  canal  in  the 
shell  gland,  and  to  this  portion  of  the  duct  the  name 
ootype  has  been  given.  Here  the  ovum  coming  from 
the  ovary  is  fertilized  by  the  spermatazoon  from  the 
seminal  receptacle,  is  surrounded  by  a mass  of  yolk 
material  from  the  vitellarium,  and  the  whole  encased  in 
a capsule  formed  by  the  secretion  of  the  shell  gland, 
which  rapidly  hardens  into  a thick  cliitinous  shell.  The 
completed  eggs  are  then  forced  onward  into  the  uterus. 
Since  they  consist  not  only  of  a fertilized  ovum  but  also 
of  a mass  of  disintegrated  yolk  cells,  the  name  com- 
pound egg  has  been  applied  to  them.  Such  eggs  occur 
only  in  the  flat  worms. 

The  uterus  may  possess  a special  external  opening  or 
may  be  without  such.  In  the  latter  case  it  is  small  at 
first,  but  with  the  accumulation  of  eggs  it  becomes  irregu- 
larly enlarged  by  the  formation  of  lateral  outpocketings 
so  as  to  occupy  with  its  branches  almost  the  entire  space 
of  the  proglottis  (Fig.  1207).  In  the  course  of  this  trans- 
formation other  organs  gradually  disappear  until  the  ripe 
segment  is  little  more  than  a muscular  sac  which  encloses 
the  branching  uterus  crowded  with  eggs.  The  manner 
of  branching  is  characteristic  of  the  species,  as  is  also  the 
way  in  which  ripe  proglottides  are  detached  either  singly 
or  in  groups,  and  both  features  together  with  other  de- 
tails in  the  structure  of  the  reproduct- 
ive system  are  discussed  in  connection 
with  the  individual  species. 

The  eggs  of  the  cestodes  are  oval 
and  provided  with  a thin  shell  which 
is  often  supplied  with  a lid.  Within 
this  occurs  in  many  eggs  (Fig.  1208) 
a thicker  second  shell,  so-called,  of  a 
structure  characteristic  for  the  family 
in  which  it  occurs.  In  reality  this  in- 
ner structure  is  not  a shell  but  an  embryonic  membrane, 
and  takes  its  origin  during  the  early  growth  of  the  germ 
cell,  which  occurs  in  most  cases  while  the  egg  is  still 
retained  in  the  uterus  of  the  adult  cestode.  When  the 
uterine  egg  is  examined  soon  after  its  formation,  the 
shell  is  seen  to  contain  a single  germ  cell  surrounded 
by  a number  of  yolk  cells  which,  in  some  cases,  have 
lost  their  cellular  identity  and  constitute  merely  a mass 
of  granular  yolk  substance. 


FIG:  1208.  — Egg  of 
Tcenia  solium. 
X 380.  (After 
Leuckart.) 
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The  embryo  originates  from  the  development  of  the 
egg  cell  alone  while  the  yolk  cells  serve  as  nutriment 
during  its  early  growth.  From  the  division  of  the  egg 

cell,  which  under- 
goes total  cleavage, 
there  arises  a spheri- 
cal embryo  sur- 
rounded by  one  or 
more  embryonic 
membranes.  From 
the  latter  may  or- 
iginate an  inner 
shell,  as  is  the  case 
in  Taeniadae  (Fig. 
1208),  or  a ciliat- 
ed mantle,  as  in 
Bothriocephalidse 
(Fig.  1209).  The 
spherical  embryo 
(Fig.  1210),  which 
Fig.  1209.—  Free  Swimming  Onchosphere  of  is  known  -as  the 
Dibothriocephalus  latus  in  ciliated  onchosphere,  is  uni- 
mantle. X 500.  (After  Schauinsland.)  formly  character- 
ized by  the  presence 
of  three  pairs  of  hooks  of  variable  shape  and  by  great 
mobility,  and  in  this  condition  is  ready  for  introduction 
into  the  secondary  host.  This  may  be  the  result  of  a 
direct  migration,  as  when  the  ciliated  bothriocephalid 
embryo,  swimming  about  in  the  water,  is  swallowed  by 
a suitable  host;  or  it  may  be  of  passive  character,  as  when 
the  ttenioid  egg  containing  an  embryo  enveloped  in  its 
membranes  arrives  by  chance  in  the  alimentary  canal  of 
the  larval  host;  in  the  latter  case,  at  least,  it  is  necessary 
that  the  eggs  should  be  introduced  into  the  stomach  and 
be  subjected  to  the  action  of  the  gastric  juice  to  disinte- 
grate the  shell  and  membrane.  Were  this  not  so  it  is  clear 
that  the  harboring  of  the  adult  in  the  intes- 
tine would  be,  in  those  cases  in  which  the 
larva  parasitizes  in  the  same  animal,  a 
source  of  extensive  secondary  infection.  In 
such  cases  it  is  well  known,  as  for  instance 
in  Tamia  solium  of  man,  that  any  reversal  of 
the  ordinary  peristaltic  action  of  the  canal, 
which  brings  loose  proglottides  into  the 
stomach  and  subjects  them  to  gastric  digestion,  will  re- 
sult in  the  release  of  the  six-hooked  oncliospheres,  and 
in  the  infection  of  the  host  with  the  larvte.  Once  that 
the  membranes  are  broken  down  and  the  oncliospheres 
set  free  they  bore  their  way  actively,  by  virtue  of  the 
hooks,  through  the  wall,  probably  in  most  cases  of  the 
proximal  portion  of  the  intestine,  and  are  believed  to  be 
distributed  further  by  virtue  of  the  portal  circulation ; 
at  least  the  liver  and  the  connective  tissue  adjacent  to 
it  are  the  chief  seats  of  the  larvae.  Having  come  to  rest 
at  such  a point  the  embryo  throws  off  its  hooks  and 
forms  on  its  surface  a thick  cuticular  layer  beneath  which 
are  differentiated  the  muscle  fibres, 
while  about  each  embryo  is  formed  a 
cyst  by  the  activity  of  the  host.  The 
centre  of  the  sphere  is  filled  at  first 
with  a loose  parenchymatous  tissue  in 
which  soon  appear  irregular  spaces 
that  later  fuse  to  form  a large  central 
cavity.  Thus  has  been  reached  the 
Fig.  1211.  — Young  first  form  of  the  larval  stage  known  as 
MaVa^iata  the  Madder  worm  or  cysticercus  (Fig. 
with  beginning  of  A giowtli  ot  two  to  loin  weeks 

is  sufficient  in  most  cases  to  bring  the 
cysticercus  to  the  diameter  of  a milli- 
meter, when  the  second  stage  in  the 
development  is  entered  upon  by  the 
appearance  of  a meniscoid  prolifera- 
tion of  cells  at  some  point  on  the  bladder;  into  this 
projection  there  penetrates  from  the  exterior  a hollow 
cylindrical  ingrowth  of  the  cuticula  (Fig.  1211)  forming 
the  starting-point  of  the  scolex  of  the  adult  worm.  As 
the  growth  becomes  larger  the  ingrowth  presents  the 
form  of  a tiask(Fig.  1212,  A) ; it  is  still  covered  through- 


Fig.  1210. — Free 
Onchosphere, 
Magnified. 


Scolex  Ingrowth, 
Seen  in  ( iptical 
Section.  Magni- 
fied. CA  f t e l 
Leuckart.) 


out  by  a cuticular  layer,  and  at  the  base  of  the  tlask  there 
arise  in  reverse  the  structures  which  characterize  tin- 
head  of  the  tapeworm:  at  the  centre  the  rostellum  with 
its  crown  of  hooks,  and  on  the  sides  the  suckers  having, 
when  fully  developed,  the  characteristic  form  and  size 
(Fig.  1212,  B)  of  the  adult. 

Under  proper  conditions  the  head  begins  to  be  everted, 
starting  from  the  base  and  continuing  until,  with  the 


Fig.  1213.  — Cysticer- 
eus  of  Trento  ser- 
rata  with  Everted 
Scolex.  (After 
Leuckart.) 


Fig.  1212.— Formation  of  Scolex  in  Reverse  on  Cysticercus  of  Trrnto 
serrata.  A,  Early  stage ; B,  fully  developed  scolex.  Magnified. 
(After  Leuckart.) 

neck,  it  ultimately  projects  above  the  surface  of  the 
bladder  (Fig.  1213).  This  process  may  at  times  take 
place  while  the  bladder  worm  is  still  retained  within  its 
host.  In  other  instances  the  consumption  of  the  flesh  in 
which  the  cysticercus  is  enclosed  and  the  digestion  of  the 
surrounding  tissue  form  the  stimulus  for  the  evagina 
tion  of  the  scolex.  It  is  interesting  to  note  that  under 
the  influence  of  the  alimentary  secretions  of  the  definite 
host  the  bladder  of  the  cysticercus  is  entirely  digested,  its 
remnant  appearing  as  a ragged  fringe  (Fig.  1214,  A),  at 
the  base  of  the  fully  extended  scolex 
and  neck.  Having  attached  itself  the 
scolex  enters  upon  a period  of  rapid 
increase  in  length,  which  is  soon  ac- 
companied by  the  appearance  of  the 
first  proglottides  (Fig.  1214,  B).  The 
scolex  system  of  excretory  canals 
originates  early  (Fig.  1208)  even  be- 
fore the  suckers  and  rostellum  have 
appeared,  and  persist  unchanged  in 
the  scolex  of  the  fully  developed 
adult. 

In  the  formation  of  the  proglot- 
tides it  may  be  noted  that  the  ter- 
minal proglottis  is  the  oldest,  and  that 
new  segments  are  continually  formed 
in  the  vicinity  of  the  neck.  The  sexual  organs  appear 
early  as  strings  or  masses  of  embryonic  cells  in  the 
midst  of  the  parenchyma.  Formation  of  proglottides 
and  growth  proceed  so  rapidly  that  the  tapeworm  has 
matured  and  set  free  the  posterior  joints  in  a brief 
period.  These  reach  the  exterior  with  the  fiecal  mat- 
ter, often  manifesting  great  independence  and  power 
in  movement.  They  contain  masses  of  eggs  stored 
up  in  the  uterus  with  which  the  beginning  of  the 
life  cycle  is  again  reached. 

The  normal  scat  of  the  tapeworm  is 
in  the  alimentary  canal,  and  usually  in 
the  small  intestine,  where  the  worm  lies 
close  to  the  wall  with  its  head  more  or 
less  embedded  in  the  villi.  Occasion- 
ally one  of  the  smaller  species  wanders 
from  this  place  into  the  ductus  chole- 
dochus,  and  more  rarely  into  the  liver 
itself.  This  seems  to  be  the  normal 
habit  of  a few  species  not.  found  in 
man.  The  occurrence  of  tapeworms 
in  the  human  stomach  or  anterior 
thereto,  as  reported  by  various  medi- 
cal observers,  is  due  either  to  a post- 
mortem wandering  or  to  regurgitation. 
On  the  other  hand  the  reported  oc- 
currence of  Cestoda  in  the  bladder,  and 
the  discharge  of  proglottides  from  the 


Fig.  1214.  — Young 
Tamia  serrata. 
A,  Immedi a t el  y 
after  digestion  of 
bladder  by  new 
host;  B,  with  a 
f e w proglottides. 
(After  Leuckart.) 
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urethra,  can  be  explained,  in  so  far  as  the  cases  do  not 
rest  on  erroneous  observations,  only  on  the  basis  of  in- 
jury or  accidental  introduction.  Portions  of  a tape- 
worm  have  been  at  times  discharged  from  abscesses  or 
fistulas  which  have  probably  had  at  some  time  a con- 
nection with  the  intestine.  Leidy’s  discovery  of  a speci- 
men in  a cucumber  admits,  however,  of  no  such  natural 
explanation.  Though  often  torpid  when  examined  after 
discharge,  the  tapeworm  is  undoubtedly,  it  must  be  re- 
membered, active  in  its  warm-blooded  host.  To  its  con- 
tractions are  due  the  serious  symptoms  which  often  ac- 
company its  presence.  Even  the  discharged  proglottides 
live  for  several  days  outside  the  host  under  ordinary  cir- 
cumstances and  perform  migrations  and  movements  of 
considerable  extent.  By  virtue  of  this  apparent  com- 
pleteness and  activity,  the  separate  proglottides  are  fre- 
quently diagnosed  as  flukes. 

The  effect  of  the  parasite  on  its  host  may  be  regarded 
first  from  the  standpoint  of  loss  of  nutriment.  This  has 
been  carefully  computed  by  Leuckart  for  the  largest  hu- 
man tapeworms,  and  amounts  in  one  year  for  a single 
specimen  of  Dibotlirioceplialus  latus  to  from  500  to  700 
gm.,  and  for  Tania  mginata  to  from  1,500  to  2,000  gm. 
Although  the  presence  of  a number  of  individuals  may 
heighten  this  materially,  yet  the  amount  is  entirely  in- 
adequate to  explain  the  far-reaching  effects  which  are 
manifested  by  man  as  the  result  of  the  presence  of  only  a 
single  one  of  these  parasites.  The  severe  symptoms  are 
noticeably  of  a nervous  character.  Anaemia  is  a frequent 
manifestation,  and  this  displays  at  times  a pernicious  ten- 
dency which  in  one  case  at  least  has  terminated  fatally. 

Many  of  the  symptoms  affecting  individuals  who  har- 
bor tapeworms  have  been  attributed  to  poisons  developed 
by  the  parasite  within  the  body  of  the  host.  Not  only  is 
this  evinced  by  the  subsidence  of  the  nervous  and 
epileptic  symptoms  on  the  removal  of  the  tapeworms, 
but  the  affections  of  the  eyes  so  frequent  in  those  afflicted 
may  naturally  be  due  to  the  effects  of  a poison  absorbed 
from  the  intestine  and  circulating  in  the  blood.  The 
fluid  extracted  from  a hydatid  cyst  has  been  shown  by 
experiment  on  man  and  animals  to  be  toxic.  To  this 
quality  may  doubtless  be  attributed  the  severe  symptoms 
or  even  death  consequent  upon  the  rupture  of  such  a 
cyst  or  its  operative  puncture.  An  extract  from  Diboth- 
riocephalus  latus  has  been  shown  to  exert  a globulicidal 
effect  on  dogs,  and  one  of  Tcenia  saginata  has  been  found 
to  kill  tubercle  bacilli. 

The  symptoms  of  tapeworm  disease  are  by  no  means 
well  defined  and  may  include  almost  any  possible  com- 
bination. In  experimenting  upon  himself,  however, 
Stiles  noted  during  the  presence  of  Tania  saginata  as  the 
most  constant  symptom  one  not  heretofore  recorded.  He 
says:  “During  the  time  of  infection  it  would  very  fre- 
quently happen  as  I walked  along  the  street  or  across  the 
room  that  I suddenly  felt  a peculiar  sensation  almost  ex- 
actly similar  to  the  sensation  one  feels  upon  the  sudden 
descent  of  an  elevator.”  Despite  the  indefiniteness  of  the 
clinical  aspect  of  tapeworm  infection,  any  suspicions  of 
such  trouble  may  be  definitely  tested  by  a microscopical 
investigation  of  the  faeces.  The  presence  of  adult  ces- 
todes  will  be  manifested  by  an  abundance  of  their  char- 
acteristic eggs. 

The  specifics  which  are  most  frequently  employed  in 
driving  out  tapeworms  are  Cortex  granati,  of  which  the 
effective  principle  is  an  alkaloid  known  as  “ pelletierine,” 
Flores  Ivouso  containing  the  amorphous  kosotoxin, 
Rhizoma  filicis  containing  the  amorphous  filicic  acid,  and 
kamala  with  the  resinous  kamalin  (see  Anthelminthics). 
In  bringing  about  the  evacuation  of  the  parasite  some 
precautions  are  necessary  to  insure  success.  When  a 
patient  is  passing  a tapeworm  the  parasite  sometimes 
breaks  in  two  owing  to  the  transition  from  the  warm 
bowels  to  the  cold  air  or  to  a cold  porcelain  vessel.  By 
the  use  of  a vessel  containing  warm  water  this  sudden 
change  and  its  consequent  evil  effects  may  be  avoided. 
In  the  next  place  cestodes  are  frequently  expelled  in  a 
knotted  mass,  and  any  obstruction  in  the  lower  portion  of 
the  canal  may  delay  their  passage  sufficiently  to  permit 


the  parasite  to  secure  a new  hold  on  the  wall.  Con- 
sequently success  may  depend  upon  thoroughly  clearing 
out  the  canal. 

The  distribution  of  each  species  will  be  considered 
under  its  proper  heading;  here,  however,  some  general 
items  may  be  noted  concerning  the  frequence  of  tape- 
worms. Stiles  gives  the  following  table  of : 


Cases  of  Tapeworm  in  Man. 


Sex  of  Patients. 

Total  number 

Authority. 

of  cases 

reported. 

Male. 

Female. 

Wawruck 

173 

56 

117 

Crisp 

247 

96 

151 

Seeger 

26 

10 

16 

Monti 

240* 

111 

129 

Roger 

10* 

3 

7 

Krabbe  

367 

126 

241 

Total 

1,063 

402 

661 

* Children. 


He  attributes  the  evident  sex  difference  merely  to  the 
fact  that  women  ordinarily  prepare  the  food,  and  are 
hence  more  exposed  to  chance  infection  than  men.  Statis- 
tics of  French  maritime  hospitals  give  for  the  period 
1886-90  about  1.5  per  cent,  of  cases  for  tapeworm  infec- 
tion, and  records  of  the  United  States  hospital  service 
during  the  war  contain  a total  of  only  .012  per  cent, 
treated  for  tapeworms.  This  percentage  is  under  the 
circumstances  naturally  abnormally  low  as  compared 
with  conditions  in  times  of  peace. 

The  occurrence  of  various  species  in  different  regions 
may  be  adjudged  from  the  following  table.  Such 
figures  exist  only  for  a very  few  localities: 


Authority. 

Country. 

< 

Dates  of 
records. 

Total 

number  of 
cases. 

Taenia 

saginata. 

Taenia 

solium. 

Dihotb. 

latus. 

Dipyl. 

caninum. 

Hymen. 

diminuta. 

Indet. 

Parona 

Milan 

1899... 

150 

121 

11 

4 

14 

Parona  

Italy  

1868-99 

513 

397 

71 

26 

19 

Krabbe 

Denmark. 

1869. . . 

100 

37 

53 

9 

i 

Krabbe 

Denmark. 

1869-87 

200 

153 

24 

16 

8 

Krabbe 

Denmark. 

1887-95 

100 

89 

5 

6 

Stiles 

U.  S.  A... 

1897... 

Many 

Rare 

3 

i 

Cestodes  have  been  known  from  the  earliest  times,  and 
both  tapeworms  and  bladder  worms  are  distinctly  recog- 
nized in  the  oldest  medical  works  which  have  comedown 
to  us.  One  of  the  hermetic  books  of  the  Egyptians,  that 
on  medicaments  now  known  as  the  Papyros  Ebers,  and 
dated  about  1550  b.c.,  gives  in  hieratic  writing  extensive 
sections  on  these  parasites  and  their  treatment,  which 
are  taken  in  part  from  the  writings  of  earlier  physicians. 
The  proscription  placed  by  Moses  on  the  use  of  certain 
flesh  has  its  undoubted  ground  in  the  abundant  presence 
in  such  animals  of  bladder  worms.  Hippocrates  notes 
the  presence  of  echinococcus  bladders  in  man  and  an 
operative  method  for  removing  them.  He  also  speaks  of 
the  evacuation  of  fragments  like  pumpkin  seeds  as  diag- 
nostic of  the  tapeworm.  Both  he  and  Aristotle  speak  of 
the  bladder  worm  of  the  pig  as  well  known,  and  advise 
the  detection  of  its  presence  by  examining  the  lower  sur- 
face of  the  pig’s  tongue  where  the  cysticerci  appear  as 
swellings.  This  method  is  followed  even  to-day.  Aris- 
totle showed  also  that  the  tapeworm  in  contrast  with  the 
free  round  worms  of  the  intestine  was  attached  to  the 
wall  of  the  canal.  Pliny  adds  to  the  accounts  of  his 
predecessors  which  he  quotes  only  fabulous  reports  of 
the  length  of  tapeworms  (up  to  three  hundred  feet!)  and 
erroneous  observations  on  their  presence  in  cold  springs. 
Galen  mentions  bladder  worms  from  the  abdomen  of 
slaughtered  animals  and  notes  the  tendency  of  the  liver  to 
“ produce  ” these  forms  in  its  surrounding  fascia. 

It  was  1600  a.d.,  however,  before  even  two  species 
were  differentiated  among  human  tapeworms,  and  1700 
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a.  d.  before  tlie  tapeworm  head  was  recognized.  About 
this  time  cestodes  from  other  hosts  began  to  be  studied 
and  the  animal  nature  of  the  bladder  worms,  which  had 
previously  been  regarded  as  tumors  or  concretions,  was 
successfully  maintained.  Even  then  authors  noted  the 
resemblance  of  certain  cestodes  and  cysticerci,  and  in  1783 
Goeze  united  the  two  groups,  but  this  procedure  was  not 
accepted  by  later  authors  for  more  than  half  a century. 

The  origin  of  these  parasites  was  universally  attributed 
to  spontaneous  generation,  the  tapeworm  being  said  to 
originate  from  the  inner  wall  of  the  canal,  from  surplus 
food  of  a thick  character  like  milk  or  cheese,  or  from 
febrile  mucous  secretions,  while  the  cysticerci  were  gener- 
ally regarded  as  tumors  (hydatids).  This  belief  lasted 
long,  even  after  the  discovery  of  the  eggs  in  many 
species.  Linnaeus  was  responsible  for  propagating  an- 
other serious  error,  that  the  cestodes  were  free  living  as 
well  as  parasitic;  and  this  was  not  finally  refuted  until 
the  end  of  the  eighteenth  century.  It  was  Zeder  who  in 
1800  first  divided  the  parasitic  worms  into  five  classes  to 
which  Rudolphi  in  1804  gave  the  Greek  names,  Nema- 
toidea,  Acanthocephala,  Trematoda,  Cestoidea,  Cystica, 
which  they  still  bear.  Of  the  last  two,  the  tapeworms 
and  bladder  worms,  Kuelienmeister  was  able  to  prove 
about  the  middle  of  the  century  by  feeding  experiments 
that  the  latter  were  only  developmental  stages  of  the 
former,  thus  incorporating  both  in  the  group  of  cestodes. 
Among  these  those  forms  with  only  a single  segment 
may  be  distinguished  as  the  Cestodaria  from  the  Cestoda 
s.  str.,  in  which  group  are  included  the  large  majority  of 
the  tapeworms,  and  all  of  the  forms  reported  from  man. 
The  latter  may  be  arranged  according  to  the  following 
scheme  which  adopts  the  system  proposed  by  Braun. 
The  groups  omitted  here  contain  no  forms  recorded  as 
human  parasites.  Annotation  is  made  of  the  stage  in 
which  each  species  is  a human  parasite  and  of  those  forms 
thus  far  recorded  in  this  country : 

Order  Cyclophyllidea. 

Family  Taeniadse. 

Tamia  saginata.  Adult  in  man.  U.  S.  A. 

“ afrleana.  “ 

“ solium.  “ “ U.  S.  A. 

“ confusa.  “ “ U.  S.  A. 

“ serrata.  Larva  in  man  (?) 

‘ marginata.  " " (?)  U.  S.  A. 

“ echinococcus.  “ “ U.  S.  A. 

Davainea  madagascariensis.  Adult  in  man. 

Hymenolepis  nana.  “ “ U.  S.  A. 

diminuta.  “ “ U.  S.  A.  (?) 

Dipylidium  caninum.  “ “ 

Order  Pseudophyllidea. 

Family  Bothriocepbalid®. 

Dibothriocephalus  latus.  Adult  in  man.  U.  S.  A.  (?) 
cordatus.  “ “ 

Dibothrium  Mansoni.  Larva  in  man. 

Diplogonoporus  grandis.  Adult 

Key  to  Adult  Tapeworms  of  Man. 

Scolex  with  four  circular  suckers ; proglottides  with  marginal  genital 
pore  and  without  uterine  orifice. 

Cyclophyllidea—1 Taeniadoe.  (A.) 

Scolex  with  two  longitudinal  sucking  grooves;  proglottides  with 
superficial  genital  pore  and  with  special  uterine  orifice. 

Pseudophyllidea— Bothriocephalidae.  (B.) 

(A.)  Large  forms;  uterus  in  ripe  proglottides  with  median  longi- 
tudinal trunk  and  numerous  lateral  branches ; eggs 
with  thin  outer  and  thick  innershell  (embryophore). 

, (a.) 

(a.)  Head  unarmed  with  small  apical  fifth  sucker. 

Ripe  proglottis  12  to  19  mm.  long  by  5 to  7 mm.  wide ; 
uterus  with  20  to  30  slender  lateral  branches. 

Taenia  saginata. 

Ripe  proglottis  7 mm.  long  by  12!  to  15  mm.  broad ; 
uterus  with  15  to  24  simple  radiating  branches. 

Tcenia  africana. 

(aa.)  Head  armed  with  circlet  of  hooks. 

Ripe  proglottides  10  to  12  mm.  long  by  5 mm.  wide ; 
uterus  with"  7 to  10  thick  branches : ovary  on  pore 
side  divided  by  vagina.  Tamia  solium. 

(aaa.)  Head  unknown. 

Ripe  proglottides  27  to  35  mm.  long  by  3.5  to  5 mm. 
wide ; uterus  with  14  to  18  heavy  irregular  forked 
branches.  Tcenia  confusa. 

(AA.)  Small  forms;  eggs  with  thin  transparent  shells,  in  ripe  pro- 
glottides grouped  in  capsules  or  irregularly  distrib- 
uted. (b.) 

(b.)  Genital  pores  unilateral. 

Ripe  proglottides  broadly  elliptical,  2 mm.  long  by  1.4 
mm.  wide.  Davainea  madagascariensis. 

Ripe  proglottides  trapezoidal,  0.14  to  0.30  mm.  long  by 
0.4  to  0.9  mm.  wide.  Hymenolepis  nana. 


Ripe  proglottides  trapezoidal,  0.75  mm.  long  by  2.5 
ram.  wide.  Hymenolepis  diminuta. 

(bb.)  Genital  pores  on  both  margins  of  each  proglottis : genital 
organs  also  double. 

Ripe  proglottides  elliptical.  Dipylulium  caninum. 

(B.)  Genital  organs  single  in  each  proglottis. 

Head  elongated  oval ; length  of  worm  2 to  7 meters. 

Ripe  proglottides  2 to  4 mm.  long  by  10  to  12  mm.  wide. 

Dihothriocephalux  latus. 

Head  short,  cordiform ; length  of  worm  hardly  over  1 
meter. 

Ripe  proglottides  approximately  5 to  6 mm.  square. 

Dibothriocephalus  cordatus. 

(BB.)  Genital  organs  double  in  each  proglottis. 

Head  not  known  ; length  about  10  meters. 

Ripe  proglottides  0.5  to  0.8  mm.  long,  10  to  15  mm. 
wide.  Diplogonoporus  grandis. 


Fig.  1215.— Anterior 
End  of  Taenia 
saginata , Some- 
what Contracted. 
X 8.  (After 
Leuckart.) 


In  all  cases  reference  should  be  made  to  the  fuller  de- 
scriptions given  for  each  species  in  the  text,  and  thus  the 
results  obtained  by  use  of  the  brief  criteria  contained  in 
the  key  controlled.  Especial  attention 
should  be  paid  to  those  species  which 
are  as  yet  incompletely  known;  the 
writer  will  be  glad  to  assist  in  the 
identification  of  any  such. 

The  Cyclophyllidea  possess  a scolex 
with  four  circular  suckers,  often  with 
an  apical  rostellum  on  which  hooks  are 
found  when  present.  Segmentation  is 
pronounced  and  the  ripe  proglottides 
do  not  separate  until  fully  developed. 

There  is  no  uterine  aperture  and  the 
common  sexual  pore  is  located  on  the 
margin  of  the  proglottides.  The  eggs 
are  thin  shelled  and  without  a cover. 

The  adults  lie  in  the  alimentary  canal 
of  the  higher  vertebrates.  The  order 
contains  but  a single  family,  the  Taeni- 
adae. 

For  the  genus  'Taenia  the  following 
characteristics  are  diagnostic.  Large 
species  with  ripe  proglottides  much 
longer  than  broad.  Uterus  with  me- 
dian trunk  and  subsequently  formed 
lateral  branches  during  the  develop- 
ment of  which  the  remaining  sexual 
organs  disappear  save  cirrus  and  va- 
gina. Larva,  a cysticercus,  ccenurus,  or  echinococcus, 
found  in  herbivorous  mammals  and  also  in  man ; adult  in 
man  and  the  carnivorous  mammals. 

Taenia  saginata  Goeze. — T.  inermis  Brera,  T.  den- 
tata  Nicholai,  T.  lata  Pruner,  T.  mediocanellata  Kuch- 
enmeister,  T.  tropica  Moq.-Tand.* 

Length  4 to  8 meters  or  even  to  74  meters  (Berenger- 
Feraud).  Head  (Fig.  1315)  somewhat  four-sided,  1.5  to  2 
mm.  in  diameter,  without  rostellum  and  circle  of  hooks 
but  with  a sucker-like  depression  in  its  place  which  is 
often  pigmented.  Neck  long,  narrower  than  head.  Pro- 
glottides number  more  than  1,000  and  increase  gradually 
in  length  until  the  ripe  segments  of  characteristic 
pumpkin-seed  appearance  measure  16  to  20  mm.  long 

by  4 to  7 mm.  broad.  Gen- 
ital pores  irregularly  al- 
ternating, marginal,  and 
posterior  to  the  centre  of 
the  proglottis.  Uterus  in 
ripe  proglottis  with  me- 
dian stem  and  twenty  to 
thirty-five  slender  lateral 
branches,  themselves  often 
branched.  Egg  shell  deli- 
cate with  one  or  two  polar 
filaments  (Fig.  1216),  em- 
bryophore ovoid  35  to  40  p 
by  20  to  30  p in  diameter.  Adult  exclusively  in  small 
intestine  of  man;  larva  ( Cysticercus  bocis)  in  tlie  muscles 
and  viscera  of  cattle. 

Structure. — The  arrangement  of  the  reproductive  or- 
gans in  a sexually  mature  proglottis  (Fig.  1205)  is  best 

* Only  the  synonyms  most  frequently  met  are  (Oven  uuiier  each 
species. 


Fig.  1216.— Uterine  Egg  of  Tamia 
saginata  Showing  Shell  with 
Polar  Filaments  and  in  the  Centre 
Onchosphere  within  the  Embryo- 
phore. X 375.  (After  Leuckart.) 
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visible  in  a segment  taken  about  40  to  50  cm.  from  the 
head.  The  general  structure  of  these  organs  has  been 
described  above.  Characteristic  for  this  species  are  the 
two  ovaries  of  unequal  size,  that  at  the  pore  side  being 
the  smaller  and  without  the  small  accessory  lobe  cut 
oft'  by  the  vagina  as  in  T.  solium. . The  whole  proglottis 
has  a more  open  aspect,  and  the  various  organs  show 
relatively  greater  antero-posterior  diameter  than  in  T. 
solium.  The  uterus  in  the  ripe  proglottis  (Fig.  1207) 
manifests  a more  crowded  structure,  the  lateral  branches 
are  slenderer  and  more  numerous,  and  two  or  three  are 
stunted  or  lacking  opposite  the  sexual  pore. 

Development. — In  1861  Leuckart  fed  ripe  proglottides 
of  this  species  to  calves  and  succeeded  in  obtaining  the 
then  unknown  cysticercus,  although  various  facts  had 
pointed  out  cattle  as  the  probable  intermediate  host. 
These  results  have  been  confirmed  by  many  other  in- 
vestigators. At  six  weeks  the  size  of  the  cysticercus 
(Fig.  1211),  shelled  out  from  its  cyst,  is:  length  3 mm., 
breadth  5 mm.,  diameter  of  the  head  1 mm. ; at  twelve 
weeks  corresponding  measurements  are  4,  4,  1.8  mm. 
(length  of  head) ; at  twenty-four  weeks,  6,  4,  2 mm. ; at 
forty -eight  weeks  7,  5,  2.5  mm.  The  length  of  life  of  the 
cysticerci  is  brief ; at  less  than  eight  months  they  have 
been  found  completely  calcified.  A temperature  of  47° 
to  48°  C.  is  always  fatal.  Of  course  the  internal  portions 
of  roasting  pieces  are  often  far  from  reaching  this  tempera- 
ture. On  the  other  hand  exposure  to  cold-storage  con- 
ditions for  three  weeks  is  sufficient  to  destroy  all  these 
cysticerci  contained  in  a piece  of  beef. 

Artificial  infection  of  man  with  the  adult  by  eating 
flesh  containing  living  specimens  of  Cysticercus  bovis  has 
been  tried  with  equal  success.  An  average  growth  of  72 
mm.,  or  about  thirteen  to  fourteen  proglottides  daily, 
was  determined. 

Anomalies.- — T.  saginata  appears  to  be  peculiarly  sub- 
ject to  variation  and  malformation.  Excessive  pig- 
mentation of  the  head  and  chain  led  to  the  establishment 
of  the  species  T.  nigra  Laboulbene  (1875)  for  a tapeworm 
expelled  by  a Frenchman  who  had  lived  for  some  time  in 
the  United  States.  Two  genital  pores,  on  the  same  or 
opposite  margins  of  the  proglottis,  but  each  connected 
with  a set  of  reproductive  organs,  indicates  the  probable 
disappearance  of  the  segmental  boundaries,  and  this 
may  be  manifested  over  a considerable  stretch  of  tile 
worm,  giving  the  appearance  of  an  unsegmented  body. 
Welch  has  observed  such  an  unsegmented  region  5 cm.  in 
length.  Intercalated  proglottides  or  roughly  triangular 
joints  are  not  of  infrequent  occur- 
rence. A common  malformation 
consists  in  the  perforation  of  a series 
of  proglottides.  This  anomaly  has 
received  a specific  name,  T.  fenes- 
trata,  at  the  hands  of  one  observer. 
The  fenestration  appears  first  at 
the  centre  of  the  proglottis  and  be- 
comes more  accentuated  toward  the 
posterior  end  of  the  chain.  Its  cause 
is  not  understood. 

Finally  there  occurs  a prismatic 
or  triradial  variety  (Fig.  1217)  which 
was  described  by  Bremser  as  the 
result  of  the  fusion  of  two  individu- 
als. The  proglottis  is  Y-shaped  in 
Fig.  1217.  — Portion  of  cross  section,  and  the  scolex  bears 
mItlch1pedmenPrS  six  acetabula.  Specimens  of  this 
Taenia  saginata,  sort  were  named  T.  capensis  by 
Showing  also  the  Oc-  Kiichenmeister  and  T.  lopliosoma  by 
casional  Separation  of  Pnhhnlil 

the  Three  Wings  for  a ^oluuu.  « 

Short  Distance,  os,  Oncliosplieres  of  T.  saginata  have 
Sexual  Pore.  Natural  been  observed  of  considerable  size, 
size.  (After  Cattaert.)  ancj  armed  with  from  twelve  to 
twenty-two  hooks;  and  Cobbold 
has  described  specimens  of  Cysticercus  bovis  from  the 
heart  of  a calf  with  only  three,  two,  one,  aud  even  no 
suckers  on  the  head. 

The  form  described  by  Weinland  as  T.  solium  var. 
abietina,  from'  a specimen  collected  by  Agassiz  from  a 


Chippewa  Indian,  is  regarded  by  many  as  a small  speci- 
men of  T.  saginata  with  unusually  dense  and  delicate 
branches  of  the  uterus  (Fig.  1218). 

Distribution. — The  adult  occurs  only  in  man  and  is 
cosmopolitan.  Its  presence  in  the  Orient  is  recorded  in 
writings  of  great  antiquity;  in  Africa,  Europe,  and 
America  it  is  also  abundant,  and  its  frequence  has  in- 
creased during  recent  years,  whereas  the 
contrary  is  true  of  T.  solium.  The  evi- 
dent reason  lies  in  the  custom  of  eating 
beef  rare,  but  pork  well  done.  The  fig- 
ures given  by  Berenger  - Feraud  for 
French  maritime  hospitals  during  the 
six  quinquennial  periods  from  1861  to 
1890  show  a steady  relative  increase  of 
cases  from  0.2  to  14.8  per  mille.  In  Paris 
the  increase,  though  real,  was  much  less, 
being  from  0.3  to  0.6  per  cent,  in  the  same 
time. 

The  larval  form,  C.  bovis,  has  been 
produced  experimentally  in  rare  in- 
stances in  other  hosts,  sheep  and  goat, 
but  many  experiments  on  these  and  other 
hosts  have  been  entirely  without  results. 

In  its  normal  host  (cattle)  the  bladder 
worm  was  apparently  rare,  even  in  regions  where  T. 
saginata  occurred  abundantly.  This  apparent  contra- 
diction has  been  explained  by  the  demonstration  that  in 
most  cases  normal  infection  is  only  mild  and  the  cysti- 
cerci are  so  small  aud  scattered  as  not  to  be  easily  found 
in  the  beef.  Their  predilection  recently  discovered  for 
the  pterygoid  muscles  affords,  however,  a surer  means  of 
diagnosis  now  than  was  formerly  known. 

A limited  number  of  observations  on  the  presence  of 
C.  bovis  in  man  are  on  record.  They  include  cases  from 
the  brain  and  eye,  and  the  determination  of  the  species 
rests  on  the  absence  of  hooks  and  rostellum.  Since, 
however,  these  organs  may  be  wanting  in  C.  celluloses,  the 
larva  of  T.  solium  ( q . v. ),  the  determination  in  the  cases 
under  discussion  must  be  viewed  with  suspicion. 

Pathology. — Most  common  in  hosts  between  twenty  and 
forty  years  of  age,  the  beef  tapeworm  has  been  encoun- 
tered in  the  aged  and  even  in  newborn  infants.  Its  normal 
place  of  fixation  is  near  the  pylorus,  where  the  head  is 
firmly  fastened  to  the  mucosa  by  its  suckers.  It  may, 
however,  be  found  exceptionally  in  the  stomach.  Symp- 
toms of  its  presence  are  direct  and  local  in  the  digestive 
system,  or  nervous  and  reflex  in  character.  The  latter 
are  rarer  but  may  be  severe.  A.  Stieda  has  recently  de- 
scribed a case  in  which  this  species,  in  spite  of  its  lack  of 
hooks,  had  bored  through  the  wall  of  the  duodenum  and 
some  distance  in  a circuitous  course  into  the  pancreas. 
In  this  case  there  were  neither  abcesses  nor  preformed 
orifices  of  which  the  worm  could  have  made  use,  while 
other  evidence  supported  the  view  of  active  burrowing 
on  its  part.  Possibly  the  rare  cases  in  which  tapeworms 
have  made  their  exit  through  the  navel  or  bladder  may 
be  susceptible  of  a similar  explanation.  This  is,  how- 
ever, the  only  case  on  record  which  has  been  subjected 
to  a thorough  scientific  investigation. 

The  proglottides  of  this  species  are  expelled  spontane- 
ously and  in  the  interval  between  stools.  The  move- 
ments after  expulsion  are  active  and  long  continued  as  is 
evinced  by  the  discovery  of  segments  high  on  the  walls 
of  sick-room  or  outhouses.  The  anterior  margin  is  lacer- 
ated by  separation  from  the  chain,  and  in  crawling  the 
proglottis  distributes  eggs  from  the  uterine  branches. 
These  detached  segments  are  frequently  diagnosed  as 
flukes,  a conclusion  apparently  strongly  confirmed  by 
their  independent  activity. 

This  species  cannot  be  regarded  as  equally  dangerous 
with  T.  solium  since  here  there  is  no  chance  for  auto-infec- 
tion by  the  oncliosplieres.  The  disturbances  attending  its 
presence  in  the  alimentary  canal,  however,  are  such  as 
to  call  for  its  removal.  Despite  the  absence  of  hooks  in 
the  species  this  is,  as  a rule,  more  difficult  of  accomplish- 
ment than  in  the  case  of  the  pork  tapeworm.  The  re- 
moval of  the  body  without  the  head  aud  neck  constitutes 


Fig.  1218.— Ripe 
Proglottis  of 
Taenia  solium 
(=  T.  saginata 
var.)  var.  abie- 
tina Weinland. 
(After  Wein- 
land.) 
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but  a temporary  relief  since  a new  chain  is  produced  in 
a short  time. 

Taenia  africana  v.  Linstow  1900.— Length  1.4  me- 
ters, greatest  breadth  12  to  15  mm.  Scolex  unarmed,  no- 


Fig.  1219.— Ripe  Proglottis  of  Tania  africana.  X 5.  (After  von 
Linstow.) 


tably  small,  1.4  mm.  wide  by  0.5  mm.  long.  Proglottides 
number  about  600,  decidedly  broader  than  long ; ripe 
proglottides  measure  7 mm.  long  by  12  to  15  mm.  broad. 
Uterus  (Fig.  1219)  with  fifteen  to  twenty-four  simple 
branches  radiating  from  median  trunk.  Eggs  thick 
shelled,  31  to  34  g in  diameter.  Hooks  of  onchospliere 
8 g long.  Adult  parasitic  in  natives  of  German  East 
Africa;  development  unknown. 

This  species,  only  recently  described,  was  obtained 
from  black  soldiers  near  Lake  Nyassa  in  Africa.  It 
differs  radically  from  the  common  unarmed  tapeworm  of 
man,  as  is  evident  from  examination  of  the  sexually  ma- 
ture proglottis  (Fig.  1220).  Of  importance  in  eonsider- 
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Fig.  1220.— Sexually  Mature  Proglottis  of  Tamia  africana.  cir.. 
Cirrus ; r.s.,  receptaculus  seminis ; sh.gl.,  shell  gland ; van.,  vagina ; 
vit .,  vitellarium.  X 5.  (After  von  Linstow.) 


ing  its  development  is  the  report  that  these  natives  are 
accustomed  to  eat  the  flesh  of  the  zebu  raw. 

T^nia  solium  L.  1767.— T.  pellucida  Goeze  1782  T. 
vulgaris  Werner  1782,  T.  solium  Rud.  1810.  Length  2 
to  3 meters,  rarely  6 to  8 meters.  Head  (Fig.  1203)  spheri- 
cal 0.6-0. 8 mm.  in  diameter.  Rostrum  short,  often  pig- 
mented, with  a double  crown  of  twenty-four  to  thirty- 
two  hooks  in  which  large  and  small  alternate  regularly 
(Fig.  1221).  Large  hooks  0.16  to  0.18  mm.  long,  smaller 
0.11  to  0.14  mm.  long.  Neck  long  and  slender.  Proglot- 
tides eight  hundred  to  nine  hundred  in  number,  at  1 

meter  from  the  head 
square  with  sexual  or- 
gans fully  developed;  at 
end  of  chain  when  ripe, 
10-12  mm.  long,  5-6  mm. 
broad.  Uterus  with 
prominent  median  stem 
and  on  each  side  seven 
to  ten  heavy  branched 
lateral  outpocketings. 
Embryophores  31-36  g 
in  diameter.  Adult  in 
small  intestine  of  man; 
larva  ( Cysticercus  cellu- 
loses) in  muscles  and  vis- 
cera of  domestic  pig, 
rarely  also  of  dog,  man, 
and  ape. 

Structure. — In  general 
appearance  the  pork  tapeworm  is  distinctly  more  delicate 
and  its  chain  less  muscular  than  the  beef  tapeworm,  pre- 
viously described,  and  all  its  measurements  display  this 
difference.  The  scolex  is  decidedly  smaller  and  lias  a 
prominent  rostellum  with  two  rows  of  hooks.  The  points 
of  the  hooks  lie  in  a circle,  but  since  they  alternate  regu- 


Fig.  1221.— Apical  View  of  Scolex  of 
Tamia  solium.  X B0.  (After 
Leuckart.) 


larly  in  size,  the  bases  form  two  concentric  circles.  The 
hooks  of  the  two  sets  show  characteristic  differences  in 
figure  (Fig.  1222)  as  well  as  in  size. 

The  sexually  mature  proglottides  do  not  exceed  4.5  to  5 
mm.  in  width  by  2.5  to  3 mm.  in  length,  being  thus  de- 
cidedly inferior  in 
size  to  those  of  T. 
saginata.  On  ex- 
amination one  sees 
the  same  organs  in 
much  the  same  re- 
lation as  in  the  beef 
tapeworm;  but 
there  are  minor  dif-  Fig.  1222. — Large  and  Small  Hooks  of 
ferences  which  Tccnia solium.  X ISO.  (After Leuckart.) 

serve  to  distinguish 

the  two  species.  Most  prominent  is  the  unequal  size  of 
the  two  ovaries  (Fig.  1223),  the  one  next  the  genital  pore 
being  the  smaller  and  being  oval  in  outline  rather  than 
circular.  In  addition  a small  ovarian  lobe  lies  in  the 
angle  between  the  vagina  and  the  uterus,  as  if  cut  off 
by  the  former  canal  from  the  ovary  to  which  it  appar- 
ently belongs.  This  accessory  lobe  is  a constant  and 

reliable  peculiarity  of 
the  pork  tapeworm. 
One  may  notice  also 
the  generally  com- 
pressed form  of  the 
various  organs  most* 
marked  in  the  flat- 
tened vitellarium 
near  the  posterior 
edge  of  the  proglot- 
tis. 

The  differences  be- 
tween the  two  species 
are  less  evident  from 
examination  of  the 
ripe  proglottides. 
Usually  the  segments 
off  in  sets  of  two  or 
three  rather  than  singly.  The  individual  proglottis  is 
thinner,  less  muscular,  in  general  also  smaller  and  more 
transparent;  yet  these  are  highly  variable  features  and 
often  deceptive.  The  form  of  the  uterus,  however,  gives 
to  the  proglottis  a characteristic  appearance.  There  are 
only  seven  to  ten  lateral  branches  which  are  more  heavily 
and  unevenly  branched,  while  the  ends  of  the  branches 
are  not  infrequently  enlarged  (Fig.  1224). 

Development. — The  eggs  (Fig.  1208)  are  oval,  the  outer 
shell  is  thin  without  polar  filaments  and 
transient;  the  inner  shell  is  thick,  radi- 
ally striated,  and  spherical.  The  oncho- 
sphere  is  also  spherical,  measuring  20  g in 
diameter.  The  development  of  the  em- 
bryo is  slow ; in  eight  days  it  had  only 
reached  a size  of  33  by  24  g,  and  at  the 
end  of  three  weeks  its  diameter  was  but 
0.8  mm.,  while  in  thirty-two  days  differ- 
ent individuals  measured  from  1 to  6 
mm.  by  0.7  to  2.5  mm.  Even  in  the 
smallest,  however,  a head  projection 
could  be  seen,  and  in  the  second  month 
suckers  and  hooks  are  formed  while  the 
neck  has  grown  so  long  as  to  produce 
one  and  a half  complete  circles  within 
the  bladder.  By  the  close  of  the  third 
month  the  bladder  worm  is  probably 
ripe  and  capable  of  successful  transfer- 
ence. 

The  longevity  of  the  Cysticercus  cellu- 
loses is  dependent  upon  various  circum- 
stances. Not  infrequently  it  degener- 
ates at  an  early  period,  but  more  often  Fl®;  i 0 9 

later,  by  the  loss  of  its  liquid  and  by  do-  jteriia  solfum, 

position  of  lime,  into  a mere  calcareous  Showing  Form 

granule.  The  same  individual  has,  how-  Bram-hVs r 'y1*? 
ever,  by  means  of  the  ophthalmoscope,  < After  Braun.'" 


Fig.  1223.— Sexually  Mature  Proglottis 
of  Tania  solium.  Showing  Reproduc- 
tive Organs.  X 10.  (After  Leuckart.) 

of  the  pork  tapeworm  are  given 
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been  observed  living  in  the  eye  for  twenty  years.  Free 
cysticerci  live  only  a brief  time  in  water,  but  in  flesh  at 
normal  temperature  they  remain  living  up  to  twenty- 
nine  days. 

Many  experiments  have  demonstrated  that  the  Cysti- 
cercus  celluloses,  of  the  pig,  when  introduced  into  the  hu- 
man alimentary  canal,  gives  rise  to  Tania  solium.  From 
ten  to  twelve  weeks  are  necessary  for  full  development 
and  for  the  expulsion  of  the  ripe  proglottides.  Efforts  to 
bring  the  cysticercus  to  development  in  other  hosts  than 
man  have  as  yet  failed. 

Anomalies.  — Though  less  frequent  than  T.  saginata, 
much  the  same  malformations  occur.  Both  incomplete 
and  complete  fusion  of  two  or  more  segments  and  fenes- 
tration of  parts  of  the  chain  are  on  record.  An  unusu- 
ally slender  structure  of  the  chain  gave  rise  to  Cobbold’s 
species,  T.  tenella , sometimes  regarded  as  a distinct  variety 
even  yet.  A scolex  bearing  six  suckers  has  been  observed 
both  with  an  ordinary  chain  and  with  one  of  the  pris- 
matic or  triradial  variety  with  proglottides  Y-shaped  in 
cross  section. 

The  onehospliere  has  at  times  more  than  the  usual  six 
hooks,  and  the  Cysticercus  cellulosa  is  subject  to  various 
malformations.  Absence  of  hooks,  of  a rostellum,  and 
presence  of  six  acetabula  may  be  noted.  Some  abnormal 
forms  have  received  special  names;  such  a one  is  C. 
racemosus  ( C . boty routes  or  C.  multilocularis ) which  is  very 
irregular  in  form.  This  variety  occurs  especially  at  the 
base  of  the  brain  and  is  not  surrounded  by  a cyst,  to 
which,  no  doubt,  is  due  its  peculiar  form,  adapted  to  the 
space  in  which  it  lies.  In  some  cases  this  variety  is 
without  a scolex  or  possesses  at  most  but  an  abnormal 
rudiment  of  one. 

Most  interesting  of  all  is  the  form  which  led  to  the 
establishment  of  a new  species,  Cysticercus  acanthotrias, 
and  by  deduction  a new  tapeworm,  Tania  acanthotrias. 
The  Cysticercus  acanthotrias  was  first  observed  by  Wein- 
land  in  1858  at  an  autopsy  of  a white  consumptive  in 
Virginia.  The  bladder  worms  were  in  the  dura  mater, 
muscles,  and  subdermal  tissues.  Though  in  size  and 
form  like  C.  cellulosa , these  hydatids  (Fig.  1225)  possessed 
three  rows,  each  of  fourteen  to  sixteen  hooks,  longer  and 
slenderer  than  those  of  that  form  and  measuring  severally 
153  to  196  y,  114  to  140  y,  and  63  to  70  y.  The  dis- 
covery in  several  cases  of  identical  bladder  worms  in 
European  countries  and  the  improbability  of  the  exist- 
ence there  of  an  unknown  large  tapeworm  with  three 
circles  of  hooks,  together  with  the  occurrence  in  one  case 
at  least  of  this  peculiar  form  side  by  side  with  C.  cellu- 
losce,  have  led  most  investigators  to  regard  C.  acanthotrias 
as  merely  a variety  of  the  common  pork  bladder  worm. 

Distribution. — Tania  solium  is  not  so  widely  dis- 
tributed as  T.  saginata , although  partaking  of  the  cos- 
mopolitan character  of  the  latter.  It  is  rare  in  tropical 

lands,  and  wanting 
among  such  races  as 
abstain  from  the  use 
of  pork.  On  the  other 
hand,  especially  in 
those  regions  where 
the  inhabitants  are  ac- 
customed to  eat  the 
flesh  of  the  pig  in  a 
poorly  cooked  condi- 
tion, the  parasite  is 
most  abundant.  Cer- 
tain provinces  of  con- 
tinental nations  come 
within  these  limits. 
Contrary  to  the  state- 
ments of  a number  of 
standard  authorities,  I 
am  confident  from  the 
evidence  gathered  that 
this  species  is  very  rare  at  present  in  the  United  States. 
Some  figures  have  been  adduced  to  show  that  it  is  be- 
coming "decidedly  rarer  in  both  France  and  Germany. 
In  Denmark  it  was,  in  1869,  the  commonest  human  ces- 


FlG.  1225. — Apical  View  of  Scolex  and 
Hooks  of  Cysticercus  acanthotrias. 
X 50.  (After  Weinland.) 


Fig.  1226. — Brain  Cysticercus.  Fresh  specimen  opened  to  show  in- 
ternal structure,  a-a',  Stalk  of  racemose  body  (scolex).  X 3. 

(After  Kratter  and  Bohmig.) 

than  in  those  that  are  stall  fed.  In  Germany  the  ratio  of 
infected  animals  varies  in  different  provinces  from  1 in 
100  to  1 in  2,000  according  to  reports  of  meat  inspectors. 
As  these  cover,  however,  only  the  cases  in  which  the 
infection  is  prominent,  the  actual  figures  are  much  larger. 
Leuckart  calculated  some  years  ago  that  two  to  three 
pigs  per  hundred  were  infected.  This  bladder  worm 
also  seems  to  be  growing  rarer  during  recent  years. 

Pathology. — Tania  solium  lies  with  the  head  fastened 
in  the  anterior  poi'tion  of  the  small  intestine.  The  pro- 
glottides are  passed  in  groups  with  fie  cal  matter;  excep- 
tionally through  abnormal  communications  they  reach 
the  body  cavity,  bladder,  and  abscesses,  or  finally  are 
thrown  out  per  os  by  vomiting.  The  troubles  caused  by 
the  worm  do  not  differ  from  those  due  to  T.  saginata , yet 
the  former  is  a much  more  dangerous  parasite  since  its 
bladder  worm  may  also  develop  in  man.  When  abun- 
dant the  bladder  worms  produce  in  pork  the  conditions 
known  as  “measles,”  and  measly  pork  is  the  ordinary 
means  of  introducing  T.  solium  into  the  human  system. 
Rarely  it  may  be  caused  by  the  consumption  of  the  in- 
fected flesh  of  the  wild  pig  or  deer.  Smoking  and  salt- 
ing, unless  extended  and  thorough,  will  not  kill  the 
bladder  worms  in  pork  and  ham.  Thorough  cooking, 
however,  renders  them  entirely  harmless.  As  early  as 
1558  the  cysticerci  were  observed  in  the  dura  mater  of  an 
epileptic.  While  the  brain  and  eye  are  apparently  the 
most  frequent  seats  of  the  bladder  worms,  the  latter 
occur  also  in  the  muscles,  subdermal  tissue,  heart,  lung, 
liver,  peritoneum,  etc.  Particularly  dangerous  are,  of 
course,  the  cerebral  cysticerci  (Fig.  1226)  which  produce 
effects  parallel  to  brain  tumors.  In  this  location  the)-  are 
not  rarely  the  cause  of  sudden  death.  According  to 
Verdun  and  Iversenc  the  bladder  worm  of  the  cerebral 
vesicles  is  ordinarily  free  and  not  of  the  racemose  variety. 
The  aceplialocystic  vesicle  is  most  common,  next  comes 
the  simple  form  with  a single  head,  and  rarest  are  those 
consisting  of  a few  vesicles  united  by  the  stalk.  The 
fourth  ventricle  is  the  most  frequent  location  of  the  par- 
asite. The  symptoms  due  to  the  presence  of  such  cys- 
ticerci do  not  permit  of  certain  diagnosis;  most  general 
are,  however,  signs  of  compression  due  to  ventricular 
hydrocephaly. 


tode,  being  present  in  53  out  of  100  cases;  in  1887-95 
it  was  not  found  once  in  100  cases  (Krabbe). 

Cysticercus  cellulosce  is  present  not  only  in  the  pig  but 
also  in  the  wild  boar,  deer,  dog,  cat,  rat,  brown  bear,  ape, 
and  even  man  himself.  In  the  pig  the  bladder  worm  is 
more  abundant  in  such  animals  as  are  allowed  to  range 
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The  introduction  of  the  oncliospheres  into  the  human 
stomach,  which  is  a necessary  preliminary  to  further  de- 
velopment in  the  system,  is  brought  about  by  impure 
drinking-water,  by  the  use  of  salads  or  uncooked  vegeta- 
bles contaminated  by  the  embryophores,  and  by  the  care- 
less use  of  unsanitary  closets.  More  frequently,  no  doubt, 
the  host  of  the  adult  tapeworm  infects  himself  through 
lack  of  cleanliness  in  defoecation,  or  possibly,  as  has  been 
suggested,  by  internal  auto-infection.  Any  circum- 
stances which  might  lead  to  the  passage  of  adult  pro- 
glottides containing  ripe  oncliospheres  from  the  intestine 


Fig.  1327.— Ripe  Proglottis  of  Tcenia  confusa.  X 2.5.  (Original 
photomicrograph. ) 


back  into  the  stomach  would  result  in  infection  by  those 
oncliospheres  which  remained  there  a short  time  as  if 
they  had  been  introduced  through  the  mouth. 

The  danger  of  internal  or  external  auto-infection  de- 
mands immediate  action  by  the  physician  for  the  removal 
of  the  parasite  under  great  care  that  all  regurgitation 
should  be  prevented.  The  success  of  the  operation  must 
be  confirmed  by  the  discovery  of  the  tapeworm  head,  and 
the  parasite  destroyed  rather  than  merely  thrown  away. 

Taenia  confusa  Ward  1896. — This  species,  originally 
described  by  the  writer  and  later  studied  in  greater  detail 
by  one  of  his  students  (Guyer),  was  obtained  in  Lincoln, 
Neb.  In  general  appearance  it  is  much  like  the  two 
species  just  described,  but  may  be  recognized  at  once  by 
the  extraordinary  length  of  the  ripe  proglottides,  some 
measuring  as  much  as  35  mm.  long  by  only  4 to  5 mm. 


Fig.  1228.— Sexually  Mature  Proglottis  of  Tcenia  confusa.  X 15. 
(After  Guyer.) 

broad.  The  shape  of  these  proglottides  differs  also  from 
that  of  the  terminal  segments  in  the  other  species  (Fig. 
1227,  cf.  Fig.  1207  and  Fig.  1224).  The  head  of  this 
species  is  unknown,  consequently  its  exact  position  and 
relationship  are  for  the  time  being  uncertain.  The  whole 
body  is  thinner  and  more  fragile  than  that  of  T.  saginata. 
It  measures  5 to  8 meters  in  length  and  has  some  seven 
hundred  to  eight  hundred  proglottides,  nearly  all  of  which 
are  longer  than  broad.  The  sexually  mature  proglottides 
(Fig.  1228)  are  distinguishable  by  the  long  reniform  lobes 


of  the  ovary.  In  the  ripe  proglottides  the  median  stem 
of  the  uterus  bears  fourteen  to  eighteen  irregularly 
branching  offshoots  swollen  at  the  end  into  irregular 
club-shaped  masses.  Of  the  approximately  forty  points 
of  difference  in  structure  between  this  and  the  common 
species,  T.  saginata,  and  T.  solium , as  tabulated  by  Guyer, 
the  most  important  are  subjoined.  Nothing  is  known  of 
the  life  history  of  this  species. 


T.  saginata.  T. 


solium. 


Size  of  terminal 
proglottides. 

Greatest  breadth.. 

Length  of  progloG 
tides  exceeds 
breadth. 

Proglo  1 1 i d e s 35 
c m . behind 
head  measure. 

Sexually  mature 
proglottides 
measure. 

Neck  is 

Calcareous  bodies. 

Longitudinal 
nerve  trunks. 


12- 19  mm.  long 
by  5-6.5  mm. 
wide. 

13- 14  mm 

Only  in  last  100. 


1.5-2.6mm.  long 
by  5-10  mm. 
wide. 

4-6  mm.  long, 
8-10  mm. wide 

Unsegmented... 

Abundant ; t o 
0.018  mm. 

Dorsal  to  genital 
ducts. 


10-12  mm.  long 
by  5 mm.  wide 

7-8  mm 

In  last  half 


0.8  mm.  long  by 
1.3  mm.  wide. 

2.5-3  mm.  long 
4.5-5  mm. 
wide. 

Unsegmented  . . 
Sparse ; to  0.012 
mm. 

Ibidem 


Depth  of  genital 
cloaca. 

Width  of  genital 
pore. 

Ovarian  lobes 


0.22  mm. 

1 mm 

Round  .. 


Lateral  branches 
of  uterus. 

Size  and  form  of 
eggs. 

Pyriform  process. 


20-30  

0.03  mm.,  slight- 
ly oval. 

Present 


Smaller 

Smaller 

Part  of  smaller 
cut  off  by 
vagina. 

7-10 

0.03  mm.,  near- 
ly round. 

In  young  pro- 
glottides. 


T.  confusa. 


27-35  mm.  long  by 

3.5- 5  mm.  wide. 

8-10  mm. 

In  nearly  entire 
worm. 

1-2.5  mm.  long  by 
0.8-3  mm.  wide. 

4-4.5  mm.  long, 

3 .5- 4 .5  mm . 
wide. 

Segmented. 

Sparse ; to  0.011 
mm. 

Divide,  passing 
both  dorsal  and 
ventral  to  ducts. 
0.05-0.08  mm. 


0.45-0.6  mm. 


Reniform. 


14-18 


0.039  by  0.03  mm., 
oval. 

Absent  entirely. 


Further  information  is  needed  regarding  the  frequence 
and  distribution  of  this  form,  which  though  distinguish- 
able on  careful  examination,  has  doubtless  often  been  re- 
garded as  the  common  species — whence  the  name  confusa. 

T.ENIA  SERRATA  Goeze  1782.— Length  0.5  to  2 meters. 
Head  1.3  mm.  in  diameter  with  a double  crown  of  thirty- 
four  to  forty -eight  hooks,  the  larger  225  to  250  g long,  the 
smaller  120  to  160  g.  Embryophores  oval,  36-40  g by 
31-36 g.  Adult  in  small  intestine  of  dog;  larva  (Cysti- 
cercus  pisiformis)  in  peritoneum  of  rabbits. 

The  single  record  of  its  presence  in  man,  reported  from 
Algeria,  is  undoubtedly  an  error  in  the  determination  of 
the  species  found.  In  its  normal  host  it  is  common 
everywhere  in  Europe  and  America  so  far  as  the  records 
stand  at  present. 

Taenia  crassicollis  Rud.  1810. — Length  0.15  to  0.6 
meter.  Head  1.7  mm.  in  diameter  with  a double  crown 
of  twenty-six  to  fifty-two  hooks,  the  larger  380-420  g 
long,  the  smaller  250-270  g.  Embryophores  spherical, 
31  to  37  g in  diameter.  Adult  in  small  intestine  of  do- 
mestic cat  and  related  wild  species;  larva  ( Cysticcrcus 
fasciolaris ) in  rats,  mice,  etc. 

Braun  records  after  Krabbe  that  in  Jutland  chopped 
mice  are  consumed  uncooked  on  bread  as  a popular 
medicament  against  enuresis.  Evidently  the  introduc- 
tion of  living  larvae  of  this  species  into  the  human  ali- 
mentary canal  would  be  not  only  possible  but  probable 
under  these  circumstances. 

T.-enia  marginata  Batscli  1786.— Length  1.5  to  5 
meters.  Head  reniform,  1 mm.  in  diameter.  Hooks 
thirty  to  forty -four  in  a double  row;  the  larger  measure 
180  to  220  g in  length,  the  smaller  110  to  160  g.  Ripe 
proglottides  10  to  14  mm.  by  4 to  7 mm.  Uterus  with 
short  main  trunk  and  five  to  eight  large  branches  on  each 
.side.  Embryophores  spherical.  31  to  36  n in  diameter. 

The  adult  lives  in  the  small  intestine  of  dog  and  wolf ; 
larva  ( Cysticercus  tenuicollis)  is  found  in  the  peritoneum 
of  apes,  ruminants,  and  pigs.  Experiment  has  shown 
that  the  larva  will  not  develop  to  the  adult  worm  in  the 
human  alimentary  canal.  The  larva  has  been  reported 
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twice  as  a human  parasite ; but  the  record  of  its  presence 
in  the  liver  of  man  in  Iceland  has  been  shown  to  be  a 
mistake.  Hodges  also  reported  its  occurrence  in  man  in 
the  United  States;  but  Wyman,  who  examined  the  speci- 
mens, stated  that  the  hooks  resembled  rather  those  of 
Cysticercus  cellulose,  while  the  size  of  the  cyst  and  the 
number  of  hooks  favored  C.  tenuicollis.  Since  the  latter 
features  are  known  to  be  much  more  variable  than  the 
former,  it  is  probable  that  the  determination  is  erroneous 
in  this^case  also. 

Since  the  most  dangerous  of  all  human  parasites  is  a 
dog  tapeworm,  and  since  several  other  canine  cestodes  are 
either  known  to  be  found  or  suspected  to  be  parasitic  in 
man  at  some  age  or  in  some  stage  of  life,  the  dog  tape- 
worms are  evidently  most  important  for  the  physician 
from  the  sanitary  point  of  view,  quite  apart  from  the  fact 
that  by  virtue  of  their  serious  effects  on  other  domestic 
animals  these  cestodes  demand  attention  from  an  eco- 
nomic standpoint.  A strict  control  should  be  exercised 
over  the  condition  of  the  dog  in  every  household  where 
such  a pet  is  found,  and  the  removal  of  the  army  of  stray 
curs  should  be  urged  in  every  community;  for  these 
vagrants  are  the  very  ones  most  likely,  by  virtue  of  their 
omnivorous  habits,  to  become  infected  and,  in  consequence 
of  their  nomadic  life,  to  carry  parasites  from  place  to 
place.  The  presence  of  tapeworms  in  dogs  may  be 
recognized  by  the  proglottides  found  in  the  faeces,  and 
I have  known  of  such  having  been  taken  from  the  back 
of  a dog  and  submitted  to  a physician  as  a curiosity ! 
Manifestation  of  an  anal  or  subcaudal  pruritus  on  the 
part  of  the  dog  is  also  good  evidence  of  their  presence. 
In  all  such  cases  the  health  of  the  family  demands  that 
the  physician  insist  on  the  treatment  of  the  dog  for  their 
removal. 

As  the  determination  of  the  species  may  be  of  impor- 
tance in  such  cases  there  is  appended  a table,  modified 
from  Neumann,  of  the  canine  cestodes  thus  far  reported: 


to  suckling  pigs.  The  development  proceeds  so  slowly 
that  in  one  month  there  has  been  formed  a spherical  solid 
only  0.25  to  0.35  mm.  in  diameter  enclosed  in  a connec- 
tive-tissue cyst  formed  by  the  host,  the 
entire  mass  making  nodules  in  the  liver 
barely  1 mm.  in  diameter.  At  two 
months  the  larvae  are  twice  as  large, 
the  wall  _ consists  of  a thick  external 
lamellar  cuticula  and  a delicate  granu- 
lar internal  membrane  enclosing  a 
watery  fluid.  At  five  months  the  di- 
ameter of  the  parasite  has  become  10-12 
mm.,  but  no  structure  is  yet  visible  in 
the  interior.  To  the  parasite  in  this 
condition,  consisting  of  cuticula,  paren- 
chyma layer  (endocyst),  and  fluid  con- 
tents, the  name  Acephalocystis  has 
been  applied  by  some  authors,  and 
frequently  the  organism  makes  no 
advance  in  structure  beyond  this  con- 
dition. Normally,  however,  there  ap- 
pears a protuberance  on  the  endocyst 
(Fig.  1230,  a)  which  develops  rapidly 
into  a brood  capsule  ( b ) in  which  the 
parenchyma  is  external  and  the  cutic- 
ular  layer  internal.  According  to  the  specimenof 
views  of  some  investigators  these  may  Tcenia  echino- 
become  detached  and  continue  their  coccus  from  the 
development  floating  ( f)  in  the  cavity  t^rinno 
of  the  mother  cyst,  in  which  case,  * 

however,  a cuticular  layer  is  formed  on  the  outside  and 
disappears  within.  In  the  opinion  of  others  such  free 
daughter  cysts  or  secondary  capsules  arise  in  the  wall  of 
the  parasite  when  a cuticular  layer  is  formed  about  small 
centres  of  detached  parenchyma;  as  these  grow  they 
burst  out  from  the  wall,  and  if  they  fall  within  the 
mother  cyst  and  continue  their  development  within  the 


Four  suckers 
on  the  head. 


Head  armed ; geni- 
tal pore  marginal  - 
and— 


Numerous  proglottides. 
Strobila  several  centi- 
meters long.  S e g - 
ments — 


Never  more  than 
slightly  broader  than 
long.  Small  hooks 
with  guard — 


230-260  m long,  genital 
pore  very  salient. 

Tcenia  serrata. 
136-157  /x  long,  genital 
pore  not  very  salient. 

T.  serialis. 

' 180-220  ft  long,  length  of 
mature  segments  double 
that  of  their  width. 

T.  marginata. 
150-170  /a  long,  length  of 
mature  segments  treble 
their  width. 

Single.  [ T.  ccenurus. 

Much  broader  than  long  except  the  distal  segments  which  suddenly 
elongate ; genital  pore  usually  large  and  prominent, 

T.  KraVbei. 

. Three  or  four  segments ; some  millimeters  long T.  echinococcus. 

, Double  and  bilateral Dipylidium  caninum. 

t Head  unarmed.  Sexual  orifices  on  the  ventral  surface... , Mesocestoides  lineatus. 

Two  suckers  on  the  head;  genital  pores  on  the  ventral  surface Dibothriocephalus  fuscus. 


Bifid ; hooks 


Entire;  large 
hooks — 


Tvenia  echinococcus  von  Siebold  1853. — Small  ces- 
todes (Fig.  1229)  measuring  from  2.5  to  5 or  6 mm.  in 
length  with  only  three  to  four  proglottides  the  last  of 
which  measures  when  ripe  2 mm.  in  length  by  0.6  mm.  in 
breadth.  Head  0.3  mm.  broad  with  prominent  rostellum 
bearing  in  a double  row  twenty -eight  to  fifty  hooks  which 
vary  considerably  in  form  and  size.  Onchospheres  oval, 
32-36  y by  25-30  y.  Adult  found  in  large  numbers  in  small 
intestine  of  dog,  wolf,  jackal,  dingo ; the  larva  ( Echino- 
coccus polymorphic)  in  many  organs  of  a multitude  of 
hosts,  including  man. 

Structure. — The  adult  of  this  species  was  long  regarded 
as  an  immature  form  by  virtue  of  its  small  size  and 
limited  number  of  proglottides  until  von  Siebold  pro- 
duced it  by  feeding  dogs  with  echinococcus  bladders 
from  sheep.  The  experiment  has  been  repeated  success- 
fully many  times  with  echinococcus  from  various  sources 
including  man,  and  shows  a developmental  period  of 
seven  to  eight  weeks  to  be  necessary  for  the  production 
of  ripe  individuals.  The  experimental  production  of  the 
echinococcus  has  proved  more  difficult,  but  Leuckarthas 
succeeded  in  following  it  by  feeding  the  adult  tapeworms 


cavity  of  the  latter,  the  form  known  as  an  endogenous 
echinococcus  is  produced ; this  variety  occurs  most  fre- 
quently in  man,  pig,  and  horse.  If,  on  the  other  hand,  the 
daughter  cysts  burst  out  from  the  wall  of  the  mother 
cyst,  their  continued  growth  (y-l)  outside  gives  rise  to 
exogenous  echinococci.  Evidently  a group  of  several 
distinct  individuals  may  easily  be  confounded  with  a 
group  consisting  of  mother  and  daughter  cysts.  Further 
development  may  also  give  rise  to  a third  generation  of 
cysts  inside  the  second  (l).  Any  or  all  capsules  may  re- 
main sterile,  i.e.,  without  heads,  and  such  are  the  acepli- 
alocyst.ic  forms  noted  above.  In  most  cases,  however, 
heads  are  formed  on  the  brood  capsules  or  on  the  second- 
ary cysts.  According  to  the  recent  investigations  of 
Goldschmidt  a proliferation  of  the  parenchyma  layer  in 
a brood  capsule  forms  a low  elevation  (in).  As  this 
grows  there  arises  inside  the  capsule  an  annular  furrow, 
and  this  growing  outward  cuts  off  a pyramidal  elevation 
( n ) which  by  virtue  of  its  early  developed  muscles  dis- 
plays great  "mobility,  hanging  outward  from  the  brood 
capsule  ( o ) or  thrusting  itself  into  the  same  as  a solid 
linguiform  structure  (p).  The  external  chitinous  cover- 
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< cModa. 


ing  of  the  fully  formed  head  takes  its  origin  in  a second 
annular  furrow  outside  the  first,  which  gradually  sur- 
rounds the  parts  already  described  ( q ) and  on  its  comple- 
tion leaves  the  head  projecting  into  the  cavity  of  the 
brood  capsule.  Suckers  and  hooks  originate  and  the 
entire  structure  presents  the  form  of  an  inverted  scolex 


Fig.  1230.— Diagrammatic  Representation  of  Echinococcus  Seen  in  Section,  a.  Origin  of  a brood  capsule ; 
/>,  c,  cl,  further  stages  in  its  development;  e,  fully  developed  brood  capsule ; /,  endogenous  daughter 
cyst  formed  from  brood  capsule ; g,  origin  of  an  exogenous  daughter  cyst ; h,  i,  j,  k,  its  further 
development ; l,  an  exogenous  daughter  cyst  forming  an  exogenous  and  an  endogenous  cyst  of  the 
third  generation  ; m,  origin  of  a scolex  as  a minute  elevation  in  the  wall  of  a brood  capsule ; n,  its 
delimitation  by  a shallow  internal  groove ; o,  later  stage ; p,  the  same  as  last,  but  invaginated  ; q,  the 
enclosing  of  the  papilla  by  a second  outer  furrow ; r,  a fully  developed  scolex  with  head  inverted. 
(Original.)  <£- 


■(?’).  In  each  daughter  cyst  (d,  e)  five  to  ten,  or  even  as 
many  as  thirty-four  heads  may  develop,  so  that  the  entire 
number  in  one  echinococcus  reaches  into  the  thousands. 
By  the  rupture  of  the  brood  capsule  scolices  may  ex- 
tend directly  into  the  cavity  of  the  hydatid  or. even 
be  found  floating  free  in  its  contents.  The  echinococ- 
cus is  now  mature,  and  if  eaten  by  a suitable  host  these 
scolices  will  develop  in  its  alimentary  canal  into  adult 
tapeworms. 

The  form  of  the  hydatid  cyst  is  subject  to  considerable 
variation,  the  more  extreme  types  of  which  have  received 
special  names.  Evaginations  in  the 
wall  (s)  frequently  occur  under 
mechanical  influences  in  the  en- 
vironment and  suggest  the  origin  of 
the  form  known  as  E.  vacemosus 
(Fig.  1231),  from  which,  however, 
E.  multilocularis  cannot  be  dis- 
tinctly separated  in  all  cases.  The 
latter,  known  also  as  an  alveolar 
colloid,  represents  a mass  of  many 
small  hydatids  0.1  to  5 mm.  in  diam- 
eter which  in  section  display  nu- 
merous irregular  cavities  filled  with  a transparent  gelat- 
inous substance  and  embedded  in  a common  stroma 
of  connective  tissue.  Gall  duct  and  blood-vessels  may 
be  detected  in  places,  but  the  liver  cells  are  completely 
atrophied.  These  growths  were  long  interpreted  as  col- 
loid cancers  until  Virchow  demonstrated  their  hydatid 
origin.  The  scolices  or  hooks,  often  rare  and  single  or 
at  most  few  in  any  bladder,  are  entirely  wanting  in  forty 
per  cent,  of  the  specimens  tested.  These  multilocular  hy- 
datids undergo  regularly  degenerative  processes  by  which 
a central  cavity  is  formed  filled  with  a fluid  containing 
among  tissue  remnants  also  calcareous  corpuscles,  second- 
ary bladders,  brood  capsules,  scolices,  hooks,  haematoidin 
and  margarin  crystals,  concretions,  etc.  The  size  of  the 


Fig.  1231.— Echinococ- 
cus rci  cemosus . 
Natural  size.  (After 
Leuckart.) 


hooks  (Fig.  1232),  which  varies  very  considerably,  is  due, 
as  Leuckart  has  shown,  to  the  age  and  stage  of  develop- 
ment of  the  specimen. 

Anomalies. — A specimen  of  T.  echinococcus  has  been 
described  with  six  suckers  on  the  head.  Regarding  the 
larval  form  some  observers  hold  that  the  varieties  noted 
above  as  Acephalocystis,  E. 
racemoms,  and  E.  multilocula- 
ris  are  abnormal.  According 
to  others  the  latter  form, 
which  appears  to  be  confined 
to  Switzerland,  represents  a 
different  species  from  the 
common  type.  Isolated  cases 
have,  however,  been  report- 
ed from  other  localities,  one 
even  from  the  United  States 
(Stiles). 

Distribution.  — The  adult 
parasite  appears  to  be  most 
common  in  Iceland,  where  it 
occurred  in  28  per  cent,  of 
the  dogs  examined.  In  Aus- 
tralia the  percentage  is  even 
higher,  40  to  50  per  cent, 
being  recorded.  On  the  con- 
tinent of  Europe  it  occurs  in 
from  0.4  to  7 per  cent,  of  the 
dogs  examined  in  different 
localities.  Stiles  records  its 
presence,  though  very  rarely, 
in  dogs  examined  at  Wash- 
ington, D.  C.  I have  found 
no  other  record  of  the  pres- 
ence of  the  adult  tapeworm 
in  this  country.  When  pres- 
ent its  occurrence  in  large 
numbers  is  natural.  The  hy- 
datid is  most  abundant  in 
Iceland  and  in  India,  where 
from  one-fourth  to  three- 
fourths  of  all  domestic  animals  are  infected.  In  Ger- 
many, where  records  are  of  a most  precise  nature,  the 
percentage  of  infection  varies  very  greatly,  being  as 
low  as  5 per  cent,  in  a few  cases  and  as  high  as  65 
per  cent,  in  one  lo- 
cality (for  precise 
figures  see  Stiles  and 
Hassall,  p.  122).  In 
the  United  States 
hydatids  have  been 
recorded  from  cattle, 
hog,  and  camel,  and 
for  localities  in  Mary- 
land, the  District  of 
Columbia,  M i s- 
souri,  Nebraska,  and 
Louisiana.  In  New 
Orleans  117  cases  of 
liver  echinococcus 
were  recorded  from 
2,000  hogs. 

In  man  the  fre- 
quency of  hydatid 
disease  corresponds 

in  general  with  that  „ , . „ , _ 

lor  domestic  animals. 

In  Iceland  estimates 
of  the  number  of  in- 
habitants infected 
vary  from  2 to  15 
per  cent. ; in  Austra- . 

lia  3,000  cases  were  reported  between  the  years  1861  and 
1882.  In  Europe  the  results  of  autopsies  are  given  in 
the  table  at  the  top  of  the  next  page,  which  is  taken 
from  Ostertag. 

In  this  country  the  hydatid  is  rare  in  man.  Sommer 
has  compiled  statistics  of  one  hundred  recorded  cases 


bladder  worm  of  cow ; b,  from  young 
Tania  echinococcus;  c,  from  adult 
Tcenia  echinococcus ; cl.  the  three 
forms  superposed  to  show  gradual  modi- 
fication in  form.  X 500.  (After 
Leuckart.) 
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Locality. 

Total 

number  of 
autopsies. 

Hydatids  Present. 

Cases. 

Percentage. 

Rostock 

1,025 

25 

2.43 

Breslau 

1,3150 

20 

1.47 

Berlin 

4,470 

33 

.76 

Gottingen 

639 

3 

.46 

Dresden 

2,002 

7 

.34 

Vienna 

1,229 

3 

.24 

Prague 

1,287 

3 

.23 

Erlangen 

1,812 

2 

.11 

from  which  the  following  data  are  taken.  It  is  entirely 
unknown  how  many  patients  were  infected  outside  the 
limits  of  this  continent;  certainly  some  of  them  acquired 
the  parasite  in  other  countries. 


By  Sex. 

Males 47  I Unstated 25 

Females 28 


By  Nativity. 


Azorian. . . 
Colored  . . . 
English  . . . 
Foreigners 

French 

German. . . 

Irish 

Italian 

Japanese. . 
Mexican  . . 


Mulatto 

2 

Negro 

2 

Pole 

Swede 

1 

Welsh 

1 

White 

4 

Unstated 

54 

Total 

100 

By  States. 


Alabama 

9 

California 

l 

Connecticut 

l 

District  of  Columbia. 

4 

Illinois 

3 

Indiana 

1 

Kentucky 

2 

Louisiana 

1 (or  2?) 

Massachusetts 

5 (or  6?) 

Michigan 

1 

Missouri 

7 

New  Jersey 

1 

New  York 33 

Ohio 7 

Pennsylvania 10 

Tennessee 1 

Texas 1 (+  ?) 

Vermont 1 

Virginia 2 

Washington 1 

Unstated 15 

Total 100 


Caution  should  be  exercised  in  the  identification  of 
supposed  echinococcus  bladders  from  domestic  animals 
since  the  hydatid  of  Tamia  serialis  of  the  dog,  which  is 
abundant  in  the  United  States,  is  large,  at  times  even  of 
very  considerable  size,  and  produces  numerous  secondary 
bladders  both  internally  and  externally,  so  that  the  gen- 
eral appearance  suggests  that  of  echinococcus.  The  size 
and  form  of  the  scolices  and  of  the  hooks  are  so  very 
different  that  even  a superficial  microscopic  examination 
serves  to  distinguish  the  two  forms.  The  hydatid  of 
Tamia  serialis  is  common  in  the  rabbit  and  has  also  been 
reported  from  the  horse. 

Pathology. — -.The  larva  gives  rise  to  the  hydatid  or 
echinococcus  disease,  the  symptoms  of  which  vary  with 
the  seat  of  the  parasite.  Cases  are  on  record  in  which  the 
hydatid  has  existed  for  2,  4,  8,  15,  18,  and  even  30  years 
in  man.  It  may  be  found  in  any  organ,  but  is  most  fre- 
quently recorded  from  the  liver  or  lungs.  At  times  its 
presence  is  not  suspected  until  revealed  by  post-mortem 
examination ; and  the  danger  depends  in  any  case  upon 
the  precise  location  and  the  size  attained  by  the  hydatid. 
In  some  situations  hydatids  exert  a fatal  pressure  upon  im- 
portant vessels  or  nerves  or  destroy  the  tissue  of  essential 
organs.  They  often  cause  fatal  results  by  bursting  into 
a serous  cavity  or  a blood-vessel,  the  toxic  effect  of  the 
fluid  having  been  noted  already.  Somer  gives  the  follow- 
ing table  for  1,806  cases  recorded  in  various  countries: 

Classification  by  Habitat. 


United 

States. 

Canada. 

Other 

countries. 

Total. 

Liver 

62 

7 

942 

1,011 

147 

Lung 

140 

Passed  per  rectum 

2 

2 

3 

2 

37 

42 

Brain 

3 

3 

Abdominal  wall 

1 

1 

Vomited 

2 

2 

United 

States. 

Canada. 

Other 

countries. 

Total. 

Expectorated 

2 

9 

Common  bile  duct 

2 

9 

Bones 

1 

1 

Bladder 

6 

0 

Eye 

i 

1 . 

Pericardium. 

i 

1 

Ovaries 

i 

1 

Uterus 

3 

3 

Trunk  and  limbs 

4 

4 

Kidneys 

3 

123 

126 

Neck  (fascia) 

1 

1 

Stomach 

1 

i 

9 

Extensors  of  thigh 

1 

l 

Pleura  

1 

19 

20 

Circulatory  apparatus 

53 

53 

Cranial  cavity 

91 

91 

Spinal  canal 

13 

13 

Pelvis 

3 

9 

70 

75 

Peritoneum  and  omentum 

1 

61 

62 

Mesentery  and  omentum 

Female  genital  organs  and  mam- 

1 

1 

maries 

60 

60 

Male  genital  organs 

9 

9 

Face,  orbit,  and  mouth 

41 

41 

Neck 

18 

18 

Abdomen 

9 

2 

Omentum 

l 

i 

Brain  (ventricles) 

l 

i 

Totals 

T13 

12 

1,681 

1,806 

Prevention. — As  “hydatid disease  is  the  most  fatal  zoo- 
parasite disease  which  affects  man,  fifty  per  cent,  of  the 
cases  dying  within  five  years  after  infection,”  too  great 
insistence  cannot  be  laid  upon  the  necessity  of  guarding 
against  the  disease  and  stamping  it  out.  Measures 
should  be  taken  to  destroy  all  stray 
dogs,  to  prohibit  the  presence  of  dogs 
at  abattoirs,  to  destroy  all  hydatids 
found  in  slaughtered  animals,  and  to 
discourage  all  intimate  association  with 
dogs.  Method^  for  the  treatment  of 
echinococcus  diseases  in  man  have  been 
suggested,  but  surgical  interference 
alone  has  met  with  satisfactory  re- 
sults. 

Davainea  R.  Blanchard  1891. — 

Small  cestodes  with  prominent  rostel- 
lum,  sometimes  retractile,  armed  with 
many  small  hooks  of  characteristic 
form,  which  may  be  caducous.  Geni- 
tal pores  unilateral,  or  alternating  ir- 
regularly. Eggs  in  capsules.  Devel- 
opment unknown. 

Davainea  madagascariensis  R. 

Blanchard  1891;  Tamia  demerariensis 
C.  W.  Daniels  1895. — Length  up  to  24 
cm.  with  live  hundred  to  six  hundred 
proglottides.  Head  (Fig.  1233)  with 
retractile  rostellum  having  ninety 

hooks,  18  g in  length,  which  may  be  Fig.  1233.— Anterior 
wanting.  Genital  pores  unilateral.  fnadagSimTien- 

Ripe  proglottides  2 mm.  long,  1.4  sis.  x 14.  (After 

mm.  broad.  Eggs  in  groups  sur-  Blanchard.) 

rounded  by  heavy  capsules  of  paren- 
chyma forming  the  characteristic  egg  balls  which  fill  the 
entire  ripe  proglottides.  Onchospheres  8 g in  diameter 
with  six  delicate  nearly  straight  hooks,  surrounded  by 
two  transparent  membranes  of  which  the  outer  has  two 
pointed  prolongations. 

The  growth  of  the  cestode  is  very  rapid.  At  3 cm. 
from  the  head  proglottides  may  be  seen  in  copula.  The 
last  hundred  segments,  which  make  up  more  than  half 
of  the  entire  length  of  the  worm,  contain  only  eggs  about 
which  the  capsules  are  forming.  The  characteristic  ap- 
pearance of  the  ripe  proglottis  is  given  in  the  figure 
(Fig.  1234).  Of  the  development  nothing  is  known. 
Blanchard  surmises  that  the  larval  host  is  a cosmopolitan 
insect  (e.g.,  cockroach),  which  tallies  well  with  known 
facts  regarding  the  parasite. 

Ten  cases  of  the  occurrence  of  this  cestode  in  man  are- 
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Fig.  1234.— Ripe  ProRlottis  of 
T)  a ii  a i n c a maclagasca- 
riensis  just  Liberated  from 
the  Chain.  X 10.  (After 
Davaine.) 


on  record ; they  are  distributed  over  the  tropics,  including 
both  hemispheres.  With  one  exception  all  individuals 
affected  were  infants  or  chil- 
dren. Although  not  yet  re- 
corded from  any  other  host,  it 
should  be  noted  that  the  spe- 
cies may  be  only  an  adventi- 
tious parasite  of  man. 

Hymenolepis  Weinland 
1858 ; Diplacanihus  Wein- 
land.— Scolex  small,  rostellum 
retractile,  armed;  suckers  un- 
armed. Genital  pores  on  left 
margin;  three  testes  in  each 
proglottis.  Ripe  uterus  fills 
entire  proglottis.  Eggs  spheri- 
cal or  elongated  with  three 
widely  separated  membranes. 

Larval  stage  a cercocystis  or 
staphylocystis. 

HYMENOLEPIS  NANA  R. 

Blanchard  1891 ; T.  arjyptiaca 
Bilharz,  Diplacanthus  nanus  Weinland.- — Length  (Fig. 
1235)  10  to  15  mm.  rarely  20  mm.,  breadth  0.5  to  0.7  mm. 

Spherical  scolex  (Fig.  1236)  0.25  to 
0.3  mm.  in  diameter  with  retractile 
rostellum  armed  with  a single  circle 
of  twenty-four  to  thirty  hooks  which 
are  only  14  to  18  y long.  Neck  long, 
proglottides  about  one  hundred  and 
fifty  in  number,  very  short,  the 
largest  measuring  only  0.4  to  0.9 
mm.  wide  by  0.14  to  0.3  mm.  long. 
External  egg  membrane  measures  30 
to  40  rarely  50  y,  in  diameter,  the 
onchospliere  membrane  16  to  20  y. 
Adult  in  the  small  intestine  of  man. 

The  development  of  this  species 
is  still  unknown.  Grassi  regards  it 
as  identical  with  II.  murina  from  the 
rat.  According  to  his  investigations 
this  latter  form  develops  directly 
without  any  secondary  host,  so  that 
the  chance  consumption  of  ripe  pro- 
glottides or  of  onchospheres  would 
ultimately  produce  the  adult  tape- 
worm. Other  authors  have  empha- 
sized a series  of  differences  in  detail 
which  militate  against  the  identity  of 
the  two  forms.  In  experiments  with 
six  persons  who  had  swallowed  ripe 
proglottides  of  11.  murina,  Grassi  ob- 
tained specimens  of  II.  nana  only 
once,  which  in  a region  where  the 
latter  is  abundant  proves  nothing. 
On  the  other  hand  the  same  investi- 
gator was  unable  to  infect  rats  by 
feeding  them  ripe  proglottides  of  II. 
nana.  The  evidently  close  relation- 
ship of  the  two  species  is  presump- 
tion in  favor  of  a similar  mode  of  de- 
velopment. 

Discovered  in  1851  by  Bilharz  in 
Egypt  it  has  been  reported  occasion- 
ally from  Russia,  Germany,  Eng- 
land, France,  Argentine,  and  the 
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Fig.  123U.— Scolex  of  Hiimeno- 
lepis  nana  with  Rostellum 
Retracted.  X 80.  a.  Isolated 
hook.  X 480.  (After  Leuckart.) 


Fig.  1235. — Entire 
Specimen  of  H y- 
■mcnolepis  nana. 
X 15.  (After Leuck- 
art.) 


United  States, 
to  be  com- 
paratively 
abundant. 
The  single 
record  of  its  occurrence  in  the 
United  States  (Spooner,  1873) 
is  somewhat  uncertain  since  the 
author  mentions  the  possibility 
that  the  form  described  be- 
longed to  the  following  species. 

Hymenolepis  nana  lias  been 


In  Italy  it  appears 


found  chiefly  in  infants,  less  commonly  in  children,  and 
only  very  rarely  in  adults.  It  occurs  in  considerable 
numbers,  two  hundred  and  fifty  to  one  thousand  and 
over,  and  gives  rise  to  more  serious  disturbances  than 
are  attributable  to  the  large  cestodes.  In  addition  to  gas 
trie  disturbances,  secondary 
reflex  nervous  symptoms, 
even  epilepsy,  have  been 
observed ; though  of  long 
standing  they  disappear 
with  tlie  removal  of  the 
parasites. 

Hymenolepis  diminuta 
R.  Blanchard  1891 ; T.  di- 
minuta Itud.,  T.  leptocepliala 
Creplin,  T.  flavopunctata 
Weinland,  T.  varesina  Pa- 
rana, T.  minima  Grassi. — 

Length  20  to  60  cm.,  width 
3.5  mm.  Head  (Fig.  1237) 
small,  claviform,  with  rudi- 
mentary unarmed  rostel- 
lum. Neck  short.  Proglot- 
tides short  and  indistinct  at 
first,  increasing  gradually 

to  a maximum  near  the  posterior  end  of  the  chain  of 
0.66  mm.  long  by  3.5  mm.  wide.  External  egg  mem- 
brane, 60  to  86  y in  length,  internal  with  polar  projec- 
tions; onchospheres,  36  by  28  y.  Adults  in  small  in- 
testine of  various  rats  and  mice,  and  rarely  also  of  man ; 

larva:  (cerocystis)  in  various  insects, 
chiefly  the  meal  worm  (Asopia  fari- 
nalis). 

The  structure  of  the  species  is  typi 
cal  for  the  group.  It  has  been  studied 
with  great  care  by  Zschokke.  The 
arrangement  of  organs  in  the  sexually 
mature  proglottides  is  evident  from 
the  figure  given  (Fig.  1238).  In  the 
ripe  proglottis  the  egg-filled  uterus 
occupies  the  entire  space  within  the 
walls  of  the  segment  save  for  the 
large  flask-shaped  cirrus.  Sterile  pro 
glottides  of  smaller  size  and  without 
eggs  occur  at  times  in  the  series. 

The  larval  form,  a cerocystis,  oc- 
curs in  many  insects,  Lepidoptera, 
Coleoptera,  and  Ortlioptera.  Its  usu- 
al host  is  the  larva  and  adult  of  a 
small  moth  (Asopia).  The  develop 
ment  to  the  adult  form  lias  been  ob- 
served in  white  rats  and  in  man 
where  some  fifteen  days  intervene 
before  the  appearance  of  ripe  eggs 
in  the  fieces. 

This  species  was  first  collected 
from  man  in  Boston  in  1842,  and 
described  by  Weipland  in  1858,  who 
regarded  it  as  a new  species,  7’.  flaro- 
punctata.  In  1884  Leidy  recorded  it  from  Philadelphia. 
It  has  also  been  observed  as  a human  parasite  in  Italy 
and  France,  and  may  be  met  with  more  widely  since  its 
normal  host,  the  rat,  is  a cosmopolite. 

Heretofore  it  has  been  found  only  in  infants  and  chil 
dren,  and  the  introduction  of  the  larval  parasite  was 
probably  due  to  eating  fruit  or  other  food  in  which  an 
infected  insect  or  grub  was  concealed. 


Fig.  1237.— Ante  r i o r 
End  of  Humenn- 
1 epis  diminuta. 
Magnified.  (After 
Zschokke.) 


Cestoda. 

Cestoda. 
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Dipylidium  R.  Leuckart  1863.— Rostellum  retractible, 
armed  with  several  annular  rows  of  alternating  hooks. 
Genital  pores  opposite,  organs  doubled.  Uterus  at  first 
a reticulum,  which  later  becomes 
changed  into  sacs  holding  one  or 
more  eggs  each.  Eggs  with  double 
shell. 

Dipylidium  caninum  Railliet  1893; 
T.  moniliformis  Pallas,  T.  cucumerina 
Bloch,  T.  elliptica  Batscli. — Length 
10  to  40  cm.,  greatest  width  1.5  to  3 
mm.  Scolex  (Fig.  1239)  small  with 
retractile  claviform  rostellum  armed 
with  three  or  four  rows  of  thorn- 
shaped hooks  which  decrease  in  size 
from  15  fi  in  the  first  row  to  6 /x  in  the 
last;  suckers  elliptical,  neck  short. 
First  proglottides  small,  becoming 
trapezoidal  and  finally  characteris- 
tically of  melon-seed  form.  Eggs 
spherical,  43-50  g in  diameter ; oncho- 
spliere,  32  to  36  g in  diam- 
eter. Adult  parasitic  in 
the  small  intestine  of  the 
dog,  cat,  and  rarely  also 
man;  larva  (cryptocystis) 
in  the  body  cavity  of  the 
dog  flea  and  dog  louse. 

The  most  striking  fea- 
ture of  t he  structure  of  this 
species  is  the  doubling  of 
the  reproductive  organs, 
a complete  set  with  genital  pores  and  copu- 
latory  organs  being  present  on  each  side  of 
the  proglottis  (Fig.  1240).  The  branches  of 
the  uterus,  however,  become  cut  off  as  small 
capsules  containing  eight  to  twelve  eggs 
each;  in  the  ripe  proglottis  the  mass  of  such 
capsules  fills  the  entire  middle  field,  and  a reddish-brown 
substance  deposited  around  the  eggs  imparts  a charac- 
teristic pink  color  to  these  segments.  Prismatic  and 
fenestrated  specimens  have  been  observed,  and  also  in- 
dividuals in  which  four  sets  of  organs  lay  in  a single 
proglottis. 

The  onchosphere  is  transformed  in  the  body  cavity  of 
the  dog  flea,  or  even  of  the  human  flea,  into  a tailed 
larva,  or  cryptocystis.  When  the  dogs,  annoyed  by  the 
work  of  the  fleas,  hunt  out  and  destroy  these  pests,  it 
is  easy  to  see  how  they  infect  themselves. 

With  a single  exception  all  recorded  cases  of  this  tape- 
worm in  man  are  among  children  who  have  by  some 


many,  France,  Russia,  and  Scandinavia.  Judging  from 
the  frequence  of  the  parasite  in  dogs  in  this  country, 
similar  cases  should  not  be  rare  here.  I have  found  none 
definitely  recorded. 

The  order  Pseudopliyllidea  is  characterized  by  the  pres- 
ence on  the  scolex  of  two  poorly  developed  sucking 
grooves  .which  may  be  in  some  cases  much  modified. 
Of  the  three  sexual  pores  the  uterine  orifice  lies  always 
on  one  surface  of  the  proglottis,  whereas  the  two  others 
may  be  on  the  same  or  opposite  surface,  or  on  the  margin 
of  the  proglottis.  The  sexual  organs  are  generally  single, 
rarely  doubled ; their  development  does  not  transcend  the 
stage  of  maturity  so  that  no  parts  degenerate.  Eggs 
usually  with  cover.  Among  the  twenty-one  genera 
known,  only  two  are  of  immediate  importance  here. 

Dibothriocephaltjs  Lithe. — Scolex  elongated;  suck- 
ers not  powerfully  developed;  genital  organs  single; 
genital  pores  ventral;  uterus  in  coils  in  centre  of  the  pro- 
glottis producing  a characteristic  rosette  figure  (Fig. 
1241). 

Dibothriocephalus  latus  Lillie  1899;  Tania  lata 


Fig.  1239.— Anterior 
End  of  Dipylidium 
caninum.  (Orig- 
inal.) 


C.Ak 


Fig.  1240.— Median  Portion  of  Sexually  Mature  Proglottis  of  Dipylid- 
ium caninum ; c,  cirrus;  or,  ovary;  rs,  seminal  receptacle;  f, 
testis ; u,  uterus ; v,  vagina ; vt,  vitellarium.  X 25.  (From  Railliet, 
after  Neumann.) 

chance  obtained  the  larva  of  the  parasite  from  playing 
with  dogs.  The  first  case  on  record  dates  from  Linnaeus, 
and  other  cases  have  been  reported  from  England,  Ger- 


Fig. 1241.— Ventral  Aspect  of  Sexually  Mature  Proglottis  of  Dibothriocephalus 
latus.  Showing  Female  Reproductive  Organs.  ( Cf . Fig.  1206.)  X 12.  (After 
Leuckart. ) 


find  T.  vulgaris  L.  1748;  Bothriocephalvs  latus  Bremser 
1819;  Dibothrium  latum  Dies  1850.  Length,  2-9  meters, 
rarely  up  to  20  meters,  grayish  yellow ; head  elongated 
oval,  2-3  mm.  long,  0.7-1  mm.  broad,  transversed  by 
two  deep  lateral  grooves.  Proglottides,  three  thousand 
to  four  thousand  in  number,  usually  broader  than  long 
but  becoming  gradually  quadratic.  All  sexual  pores  on 
mid-ventral  line,  cirrus  and  vagina  opening  close  together 
and  in  front  of  uterus.  Eggs,  68-70  g by  45  g.  Adult 
parasitic  in  small  intestine  of  man,  dog,  and  cat;  larva 
(plerocercoid)  in  the  muscles  and  among  the  viscera  of 
various  fish. 

Structure. — The  longitudinal  sucking  grooves,  charac- 
teristic of  these  forms,  occupy  in  reality  the  upper  and 
lower  face  of  the  head,  appearing  at  the  sides  in  con- 
sequence of  the  torsion  of  the  neck.  In  external  appear- 
ance the  chain  is  clearly  distinguishable  from  the  other 
large  human  tapeworms,  T.  saginata  and  T.  solium,  by 
its  greater  thickness  at  the  middle  of  the  segment.  The 
arrangement  of  the  sexual  organs  in  the  proglottis  (Fig. 
1206)  also  differs  radically  from  that  already  described  in 
the  genus  Tania.  The  numerous  testes  occupy  a lateral 
position  in  the  medullary  region  of  the  segment,  and  the 
vas  deferens  extends  in  loops  toward  the  anterior  end, 
terminating  in  a muscular  cirrus  pouch  with  a seminal 
vesicle.  Next  the  male  genital  pore  lies  the  orifice  of 
the  vagina  which  passes  directly  posteriad  in  the  median 
line,  and  after  forming  a receptaculum  seminis  joins  the 
common  yolk  duct  near  the  centre  of  the  voluminous 
shell  gland.  The  vitellaria  or  yolk  glands  are  racemose 
structures  occupying  the  cortical  layer  of  the  segment  in 
the  lateral  fields;  their  numerous  ducts  converge  and 
ultimately  unite  into  the  common  yolk  duet  noted  above. 
The  paired  ovaries  lie  one  on  either  side  of  the  shell  gland 
in  the  posterior  region  of  the  proglottis,  and  the  oviduct 
joins  the  vagina  and  the  yolk  duct  in  the  shell  gland. 
From  the  union  of  these  ducts  originates  a canal  which 
expands,  and  as  the  uterus,  lying  in  irregular  loops  ven- 
tral to  the  vas  deferens,  extends  forward  to  the  special 
uterine  orifice,  a simple  pore  in  the  mid-ventral  line  a 
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short  distance  behind  the  common  opening  of  the  cirrus 
and  vagina.  In  the  last  proglottides  the  uterus  is  often 
empty  of  eggs  and  the  genital  glands  are  atrophied. 

Development. — Ripe  proglottides  contain  numbers  of 
brownish,  elliptical  eggs  in  which  may  be  distinguished 
the  egg  cell  surrounded  by  masses  of 
yolk  cells.  After  lying  in  water  sev- 
eral weeks  a ciliated'  onchosphere  (Fig. 
1209)  is  hatched  out  and  swims  about 
in  the  surrounding  water.  Sometimes 
this  embryo  throws  off  the  ciliary  cov- 
ering, but  ultimately  dies  without  at- 
taining any  further  development.  How 
the  onchosphere  is  transformed  into  a 
plerocercoid  remains  still  undiscovered. 
Braun  was  inclined  to  believe  in  the 
necessity  of  another  intermediate  host, 
and  Leuckart  and  others  have  endeav- 
ored in  vain  to  infect  directly  with 
onchospheres  the  various  fish  which 
harbor  the  larval  form.  The  bladder 
worm  of  Dibothriocephalus  latm  was 
first  discovered  by  Braun  in  the  mus- 
cles and  viscera  of  food  fish  in  the 
Baltic  provinces.  It  is  an  elongated 
form  known  as  a plerocercoid  (Fig. 
1242),  and  measures  8-30  mm.  in  length.  These  larvae 
were  abundant  in  fresh  fish  from  Dorpat  markets,  and 
living  specimens  were  also  obtained  from  smoked, 
salted,  and  frozen  fish  as  well  as  in  the  roes  of  the 
pike,  which  salted  are  eaten  raw  as  caviar.  Experi- 
mentation on  dogs,  cats,  and  man  established  the  con- 
nection of  this  larva  with  the  adult  Dibothriocephalus 
latus.  Other  authors,  notably  Zschokke  in  Switzerland 
(Geneva),  have  discovered  the  larvag  in  perch,  salmon, 
trout,  grayling,  and  whitefisli,  and  in  some  instances 
have  determined  experimentally  their  relation  to  the 
species  of  cestode  under  consideration,  confirming  fulty 
the  discoveries  of  Braun.  In  Scandinavia,  Lombardy, 
Switzerland,  and  Japan  the  existence  of  the  plerocercoid 
in  various  fishes  and  the  consumption  of  some  part  of  the 
latter  in  a raw  condition  by  the  native  population  ex- 
plain the  method  of  human  infection  which  lias  been 
further  determined  experimentally  in  specific  cases. 

Once  introduced  into  the  human  alimentary  canal  the 
development  of  this  tapeworm  is  very  rapid,  being 
from  5 to  9 cm.  per  day  in  the  various  cases.  Eggs  ap- 
pear in  the  faeces  of  man  in  from  twenty-four  to  thirty 
days  after  infection. 

Anomalies. — Slender  specimens  (var.  tenella ) have  been 
recorded,  as  also  some  with  exceptionally  large  proglot- 
tides. One  specimen  of  the  prismatic  variety  is  on  record 
(cf.  T.  saginata)  and  fenestration  of  greater  or  less  ex- 
tent is  not  rare.  Most  frequent,  however,  is  the  redupli- 
cation of  the  genital  pores  and  organs  which  Leuckart 
says  he  has  never  failed  to  find  in  some  proglottis  of  each 
specimen  examined.  Under  a separate  name  ( Bothrioeeph - 
alus  crista-tvs ) Davaine  described  a variety  which  is  dis- 
tinguished from  the  common  by  possessing  a projecting 
longitudinal  ridge  on  each  fiat  surface  of  the  head. 

Geographical  Distribution. — The  peculiarities  in  the 
distribution  of  this  species  are  intelligible  in  the  light  of 
its  development.  It  is  abundant  on  the  shores  of  the 
Baltic,  especially  the  Russian  and  east  Prussian,  and 
around  the  lakes  of  French  Switzerland,  while  the  terri- 
tory adjacent  to  these  regions  furnishes  sporadic  cases 
varying  greatly  in  frequence.  Small  centres,  like  Munich 
(Bavaria),  are  known  to  exist,  where  the  origin  of  the 
parasite  lias  been  attributed  to  the  fish  of  a certain  lake 
or  lake  region.  In  Africa  a new  centre  has  been  reported 
recently  in  the  territory  around  Lake  N’gami.  In  Japan 
this  form  is  the  most  abundant  of  human  and  canine 
parasites.  Its  presence  in  other  regions  than  those 
noted  has  been  recorded  occasionally,  and  usually  in  per- 
sons known  to  have  come  from  the  infected  regions.  Of 
this  type  is  the  record  of  its  presence  in  Philadelphia 
made  by  Leidv.  According  to  Zschokke  this  species  is 
becoming  rarer  in  Geneva,  its  frequency  having  fallen 


in  thirty  years  from  ten  to  one  percent.,  and  in  Paris  where 
it  was  abundant  in  the  eighteenth  century  it  is  no  longer 
autochthonous. 

Pathology. — It  is  sometimes  solitary,  though  several  in- 
dividuals occur  together  in  the  majority  of  cases  and 
nearly  one  hundred  have  been  recorded  from  a single 
host.  Evidently  its  frequence  depends  upon  the  habits 
of  the  individual  in  eating  raw  or  poorly  cooked  fish  no 
less  than  upon  the  locality.  The  effect  of  the  parasite 
is  often  unnoticed ; in  other  cases  are  noted  gastric  and 
nervous  disturbances,  and  even  pernicious  anaemia,  which 
disappear  with  the  removal  of  the  worm.  These  troubles 
have  been  attributed  to  the  production  of  some  toxic 
substance  by  the  parasite.  It  should  be  noted  that  a self- 
infection  is  impossible. 

Dibothriocephalus  cordatus  (Leuckart  1862).  — 
Length,  80  to  115  cm.  Head  (Fig.  1243),  2 mm.  in  di- 
ameter, flattened  cordiform,  with  deep  bothridia  on  ven- 
tral and  dorsal  surfaces.  Segmentation  begins  directly 
behind  the  head ; the  proglottides,  which  increase  rapidly 
in  width,  become  mature  within  3 cm.  The  largest 
proglottides  measure  7-8  mm.  in  length  by  3-4  mm.  in 
breadth  and  number  about  six  hundred.  Eggs,  with 
cover,  measure  75  p by  50  g.  Adult  parasitic  in  seal, wal- 
rus, dog,  and  man  in  Greenland;  larva  unknown. 

The  adult  is  a common  parasite  in  its  native  land,  but 
records  of  its  presence  outside  of  Greenland  are  based  on 
errors.  However,  sporadic  cases  may  occur  in  those 
who  have  become  infected  while  visiting  its  native  home. 
The  intermediate  host  is  doubtless  a fish. 

Dibothrium  M anson i Ariola  1900.  Ligula  Mansoni 
Cobbold;  Bothriocephalus  liguloides  Leuckart.;  B.  Man- 
soni R.  Bl.—  Adult  unknown.  Larva  a plerocercoid ; 
length,  12  to  20  or  even  to  35  cm. ; breadth,  3-6-12  mm. ; 
flattened  without  proglottides,  but  marked  bv  irregular 
folds.  Anterior  end  enlarged,  bearing  the  head  which  may 
be  drawn  in  or  evaginated,  and  on  which  two  faint  both- 
ridia are  visible.  Parasitic  in  connective  tissue  of  man  in 
Japan  and  China. 

Ten  cases  of  the  occurrence  of  this  parasite  are  re- 
ported, one  from  China  and  the  rest  from  Japan.  It 
was  first  found  by  Manson  in  an  autopsy  when  a dozen 
specimens  were  taken  from  below  the  peritoneum,  and 
one  free  in  the  peritoneal  cavity.  Ijima  and  Murata 
have  described  in  detail  seven  cases  from  Japan;  in 
three  the  parasite  was  passed  with  urine  or  taken  from 
the  urethra,  in  three  cases  also  it  was  drawn  from  tumors 
of  the  eye,  and  in  one  from  a cavity  in  the  subcutaneous 
connective  tissue  of  the  thigh. 

Doubtless  the  larva  wanders  about  in  the  body  of  its 
host,  in  which,  as  appears  from  the  details  of  the  last  case 
cited,  it  may  remain  active  as  long  as  nine  years.  Ulti- 
mately it  reaches  the  surface  of  the  body  or  of  an  internal 
organ  (bladder)  from  which  it  eventually  attains  the  ex- 
terior. Of  its  origin  or  its  further  development  nothing 
is  known.  No  trace  of  reproductive  organs  could  be 
found  in  the  specimens  studied.  In  its  unusual  size  and 
in  the  presence  of  longitudinal  grooves  on  the  ventral 
surface,  this  larva  resembles  the 
following  species  of  which  the 
adult  alone  is  known. 

Din.oGONoroHus  Lbnnberg 
1892;  Krabbea  R.  Blanchard 
1894. — Genital  organs  doubled  in 
each  proglottis;  in  other  respects 
identical  with  those  of  Dibothrio- 
cephalus. Genital  orifices  of  each 
set  ventral  on  either  side  of  the 
median  line  of  the  body,  but  in 
the  median  line  of  either  uterine 
field. 

Diplogonoporus  grandis  Liihe 
1899;  Krabbea  grandis  R.  Blanchard. — Length,  10  meters 
or  more;  maximum  breadth  at  anterior  end  1.5  mm.,  in 
broadest  region  25  mm.  Proglottides  very  short,  near 
posterior  end  only  0.45  mm.  in  length  by  14  to  16  mm. 
in  breadth.  Scolex  unknown.  Genital  organs  double; 
two  lateral  rows  of  sexual  openings  on  the  ventral  sur- 
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Fig.  1242.— Plero- 
cercoids  of  DU 
hothrioceplialus 
latm  from  Pike. 

A,  Natural  size ; 

B,  C,  with  scolex 
protruded  and  re- 
tracted.  X2. 
(After  Leuckart.) 


Fig.  1243.— Anterior  F.i 
of  Dibothrioccphal 
cor  (latus  in  Later 
and  Surface  View 
X 5.  (After  Leuckari 
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face,  located  in  longitudinal  grooves  with  genital  sinus 
in  front  and  orifice  of  uterus  behind  it.  Eggs  brown, 
thick  shelled,  63  y by  48  to  50  //  in  diameter.  Found  in 
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Fig.  1244.— Sinistral  Set  of  Reproductive  Organs  from  Sexually  Mature 
Proglottis  of  Diployonoporus  grandis.  X 140.  (After  Ijima  and 
Kurimoto.) 

man  in  Japan ; larva  unknown.  The  first  account  of  this 
remarkable  species  was  given  by  Ijima  and  Kurimoto. 
It  is  unique  not  only  in  the  extreme  size  manifested,  but 
also  in  the  double  genital  apparatus  which  occurs  in 
some  species  from  seals,  but  save  for  this  species  is  un- 
known among  human  parasites  of  this  group.  The  sex- , 
ual  organs  (Fig.  1244)  are  characteristically  bothriocepli- 
aline,  but  they  are  found  in  double  sets  right  and  left 
in  each  segment,  and  the  orifices  open  at  the  bottom  of 
two  longitudinal  grooves  which  are  characteristic  fea- 
tures in  the  appearance  of  the  worm  (Fig.  1245). 

The  authors  report  that  the  patient 
had  suffered  for  five  years  from  diz- 
ziness and  colic  which  had  finally  be- 
come so  severe  as  to  call  for  his  ad- 
mission to  the  hospital  at  Nagasaki. 
Here  the  parasite  was  removed  and 
even  on  the  following  day  all  the 
trouble  of  long  standing  had  entirely 
disappeared.  In  view  of  our  rapidly 
growing  intercourse  with  the  East  this 
should  be  looked  for  among  the  un- 
welcome additions  which  are  sure  to 
Fig.  1245.— Ventral  he  made  to  our  helminthological  fauna, 
view  of  Portion  Quite  recently  Kurimoto  has  given 
vlngo 'ni  vd'oi^us  an  account  °f  a second  case  (also  from 
grandis.  a,  Ven-  Japan)  in  which  two  specimens  of  the 
trai  groove.  Nat-  same  parasite  were  passed.  Unfor- 
Tum^nnri  tunately,  both  scolices  were  wanting 

moto.)  ' here  also.  In  other  particulars  the 

agreement  with  the  original  specimen 
of  this  species  was  complete.  Anomalies  such  as  fenes- 
tration, intercalated  proglottides,  and  those  of  asymmet- 
rical form  were  frequent.  Henry  B.  Ward. 
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CHALYBEATE  SPRINGS.  — Meriweather  County, 
Georgia. 

Post-Office. — Chalybeate  Springs.  Hotels  and  cot- 
tages. 

Access. — Take  Southeastern  Railroad  to  Bostwick, 
thence  Talbottom  Branch  Road  to  Talbottom,  thence  20 
miles  west  to  Springs. 

These  springs  were  discovered  by  Mr.  Rawlings  about 
1835,  and  opened  by  him  for  the  reception  of  visitors  a 
few  years  later.  The  improvements  were  of  a rude  char- 
acter until  about  1850,  at  which  time  they  were  consider- 
ably enlarged.  With  the  exception  of  a few  years’  in- 
terval they  have  been  open  to  the  public  ever  since. 
Analysis  by  Prof.  W.  J.  Land : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Silicic  acid  (soluble) 2.83 

Iron  proto-carbonate 62 

Iron  sesqui-carbonate 17 

Lime  carbonate 76 

Potassium  sulphate 33 

Sodium  sulphate 13 

Aluminum  sulphate 43 

Sodium  chloride 03 

Total 1 5.30 

Carbonic  acid  gas,  6.55  cubic  inches. 

The  water  is  a light  chalybeate.  There  are  also  traces 
. of  hydrogen  sulphide,  carbonate  of  magnesia,  crenate  of 
iron,  and  a minute  trace  of  nitric  acid,  lithium,  and  or- 
ganic matter.  The  proportion  of  soluble  salicylic  acid  is 
larger  than  usual.  This  compound  is  not  used  in  medi- 
cine, but  silica  is  contained  in  the  human  body,  and  may 
not  be  without  therapeutical  value.  It  is  possible  that 
the  trace  of  sulphureted  hydrogen  also  slightly  influences 
the  action  of  the  water.  It  has  been  recommended  in  all 
cases  requiring  a chalybeate  water.  The  flow  is  abun- 
dant, being  about  twenty -five  gallons  per  minute.  Near 
by  is  a sulphur  and  magnesia  spring,  but  no  analysis  has 
been  made  of  the  waters.  The  improvements  are  exten- 
sive, consisting  of  two  hotels  and  cottages,  sufficient  to 
accommodate  five  hundred  guests.  Bathing  facilities  are 
ample,  both  hot  and  cold  water  being  supplied.  The  cli- 
mate of  this  region  is  of  a salubrious  character. 

James  K.  Crook. 

CHAM/ELIRIUM.  See  Unicorn  Boot,  False. 

CHAMIQUEL.  — Coalcomau,  Michoacan,  Mexico.  A 
lukewarm  mineral  water  classified  by  Dr.  Zuniger  as  a 
sulphureted  calcic  water,  and  containing,  according  to 
Forbes,  of  Coalcoman,  carbonic  acid,  large  quantities  of 
lime  and  magnesia,  silica,  and  traces  of  copper  and  iron. 
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Hlp-Joiut. 
Hippocratic  Oatli. 


the  range  of  overextension  representing  apparently 
normal  flexion.  In  such  cases  the  leg  may  be  brought 
to  the  straight  line,  but  greater  flexion  is  resisted  by 
the  retracted  tissues,  and  when  the  pressure  of  the 
hand  is  removed  the  leg  is  drawn  back  to  the  deformed 
position  by  the  contraction  of  the  quadriceps  extensor 
muscle. 

Genu  recurvatum  is  not  infrequently  accompanied  by 
varus  or  valgus  deformity  at  the  knee,  more  often  by  the 
latter,  and  by  laxity  of  the  ligaments.  In  many  instances 
the  patella  is  absent  or  is  rudimentary  and  not  infre- 
quently deformity  is  accompanied  by  malformations  or 
defective  development  of  other  parts. 

Etiology. — The  deformity  in  cases  of  simple  recurvatum 
may  be  explained  by  an  abnormal  and  fixed  position  in 
utero,  and  in  cases  seen  soon  after  birth  the  mechanism  is 
clearly  shown  by  the  habitual  attitude.  The  thighs  are 
sharply  flexed  on  the  body,  the  dorsal  surfaces  of  the 
hyperextended  knees  are  in  relation  to  the  abdomen, 
while  the  feet  may  be  brought  into  contact  with  the  face 
or  trunk  according  to  the  degree  of  deformity.  The  re- 
tarded development  of  the  quadriceps  extensor  muscle 
explains  the  rudimentary  patella  which  is  often  an  ac- 
companiment of  the  deformity. 

Treatment. — The  treatment  of  the  hyperextended  knee 
is  very  simple.  It  consists  in  massage  of  the  atrophied 
and  contracted  muscle,  combined  with  more  or  less  forci- 
ble manipulation  in  the  direction  of  flexion.  If,  as  is 
often  the  case,  the  leg  seems  to  be  drawn  forward  by 
spasmodic  muscular  action,  the  methodical  massage 
should  be  combined  with  the  use  of  a simple  posterior 
splint. 

In  the  more  extreme  cases  manual  force  maybe  applied 
under  anaesthesia,  and  the  deformity  may  be  overcome  at 
one  or  several  sittings  according  to  the  resistance  of  the 
contracted  parts.  The  leg  is  then  fixed  in  a flexed  posi- 
tion until  the  tendency  to  recurrence  has  been  overcome. 
When  the  child  begins  to  walk  a light  lateral  brace  may 
be  necessary  to  insure  perfect  functional  use  of  the  joint, 
as  in  many  instances  laxity  of  ligaments  and  muscular 
weakness  may  persist  for  a time. 

Rudimentary  or  Absent  Patella. — As  has  been  stated,  a 
rudimentary  patella  is  a frequent  complication  of  genu 
recurvatum,  or  of  any  congenital  defect  or  deformity  of 
the  knee  or  limb  that  involves  imperfect  development  of 
the  quadriceps  extensor  muscle.  In  many  cases  of  this 
type  it  is  impossible  to  distinguish  the  patella  during  the 
early  months  of  infancy,  but  later  a minute  patella  ap- 
pears that  slowly  increases  to  an  approximately  normal 
size. 

Absence  of  patella  under  the  same  conditions  is  less 
frequent,  although  Potel  collected  one  hundred  cases 
from  literature. 

Treatment. — The  treatment  of  rudimentary  patella  is 
included  in  the  massage  and  stimulation  of  the  atrophied 
or  rudimentary  muscle  with  which  it  is  usually  associ- 
ated, and  the  support  that  the  weak  or  deformed  knee 
may  require.  Royal  Whitman. 

HIPPOCRATIC  OATH. — The  ancient  Greek  writings 
commonly  called  “ The  Works  of  Hippocrates  of  Cos” 
were  judged  even  by  ancient  Greek  critics  to  be  really  by 
various  authors.  The  truth  of  this  conclusion  is  plain  to 
modern  scholars.  These  writings  have  probably  existed  as 
in  some  sort  a collection  since  the  early  days  of  the  Alexan- 
drine library  near  the  beginning  of  the  third  century  b.c.  ; 
and  the  composition  of  the  several  writings  may  safely 
be  referred  to  the  fifth  or  fourth  century.  Which  of 
them  are  truly  works  of  the  famous  physician  whose 
name  they  bear  is  quite  uncertain,  as  no  direct  contempo- 
rary testimony  exists.  Modern  critics  can  only  sift  inter- 
nal evidence,  and  compare  the  views  of  earlier  critics, 
ancient,  perhaps,  but  often  naive  or  biassed.  Many  writ- 
ings in  the  collection,  hoivever,  are  plainly  as  old  as 
Hippocrates,  if  not  older.  He  was  born  in  460  b.c.  ; died, 
probably,  in  377  b.c.  ; and  was  a worthy  of  the  great 
period  often  styled  that  of  Pericles.  There  is  no  proof, 
however,  that  Hippocrates  was  ever  at  Athens,  though 


he  was  known  there ; and  scarcely  anything  is  known  of 
his  life  with  certainty. 

One  of  the  most  famous  writings  of  the  Hippocratic 
collection  is  that  entitled  “The  Oath.”  It  is  probably  at 
least  as  ancient  as  Hippocrates,  but  that  he  composed  it 
can  neither  be  affirmed  nor  denied.  Traces  of  its  wide- 
spread influence  occur  in  history ; and  by  means  of  it 
modern  physicians  still  hand  down  the  traditions  of  their 
calling  to  those  about  to  receive  a medical  degree.  The 
ancient  words  do  not  accord  with  the  changes  wrought 
by  twenty-two  centuries  in  men,  beliefs,  and  manners; 
but  no  modern  words  can  be  nobler,  and  the  ancient 
thoughts  are  vital  to  the  modern  oath.  The  following 
translation  of  the  Greek  original  into  English  is  by  the 
present  writer: 

The  Oath. 

I swear  by  Apollo  the  Physician,  and  riEsculapius,  and 
Ilygeia,  and  Panacea,  and  all  the  gods  and  all  the  god- 
desses—and  I make  them  my  judges — that  this  mine 
oath  and  this  my  written  engagement  I will  fulfil  so  far 
as  power  and  discernment  shall  be  mine. 

Him  who  taught  me  this  art  I will  esteem  even  as  I do 
my  parents;  he  shall  partake  of  my  livelihood,  and,  if  in 
want,  shall  share  my  goods.  I will  regard  his  issue  as 
my  brothers,  and  will  teach  them  this  art  without  fee  or 
written  engagement  if  they  shall  wish  to  learn  it. 

I will  give  instruction  by  precept,  by  discourse,  and  in 
all  other  ways,  to  my  own  sons,  to  those  of  him  who 
taught  me,  to  disciples  bound  by  written  engagement 
and  sworn  according  to  medical  law,  and  to  no  other  per- 
son. 

So  far  as  power  and  discernment  shall  be  mine,  I will 
carry  out  regimen  for  the  benefit  of  the  sick,  and  will 
keep  them  from  harm  and  wrong.  To  none  will  I give  a 
deadly  drug,  even  if  solicited,  nor  offer  counsel  to  such 
an  end;  likewise  to  no  woman  will  I give  a destructive 
suppository ; but  guiltless  and  hallowed  will  I keep  my 
life  and  mine  art.  I will  cut  no  one  whatever  for  the 
stone,  but  will  give  way  to  those  who  work  at  this 
practice. 

Into  whatsoever  houses  I shall  enter  I will  go  for  the 
benefit  of  the  sick,  holding  aloof  from  all  voluntary 
wrong  and  corruption,  including  venereal  acts  upon  the 
bodies  of  females  and  males  whether  free  or  slaves. 
Whatsoever  in  my  practice  or  not  in  my  practice  I shall 
see  or  hear,  amid  the  lives  of  men,  which  ought  not  to 
be  noised  abroad — as  to  this  I will  keep  silence,  holding 
such  things  unfitting  to  be  spoken. 

And  now  if  I shall  fulfil  this  oath  and  break  it  not,  may 
the  fruits  of  life  and  of  art  be  mine,  may  I be  honored  of 
all  men  for  all  time;  the  opposite,  if  I shall  transgress 
and  be  forsworn. 

The  best  Greek  text  (from  which  the  foregoing  trans- 
lation was  made)  is  that  of  E.  Littre,  “ (Euvres  completes 
d'Hippocrate  ” etc.,  tome  4,  Paris,  1844,  pp.  628  to  632. 

Many  commentaries  have  been  published  upon  the 
oath.  Among  these,  special  mention  is  deserved  by  Lit- 
tre’s  Argument,  l.  c.,  pp.  610  to  625;  and  by  the  notes  of 
C.  Daremberg,  “OEuvres  choisies d’Hippocrate,”  seconde 
edition,  Paris  1855,  pp.  1 to  11. 

The  following  matters  require  discussion,  more  or  less 
brief : 

Ilygeia  and  Panacea  were  daughters  of  iEsculapius. 

The  distinction  between  “ precept  ” and  “ discourse  ” 
(■k apayyek'ni<;  re  ml  aKpoi/oioc;)  has  not  been  explained  satis- 
factorily. 

“Suppository”  is  perhaps  as  nearly  equivalent  as  pos- 
sible to  the  Greek  word  neoooc,  which  doubtless  means, 
in  the  oath,  a sort  of  medicated  pledget  to  be  withdrawn 
after  a longer  or  shorter  time.  Many  formulae  for  mak- 
ing such,  for  various  purposes,  are  given  in  the  Hip- 
pocratic collection. 

The  words  “destructive  suppository  ” {Teaaov  pftopiov) 
refer  to  abortion.  A parallel  and  fully  developed  phrase, 
viz.,  “a  wine  destructive  to  embryos”  (<p06pio{  ipjipiuv 
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olvog)  occurs  in  the  Materia  Medica  of  the  later  Greek 
physician  Dioscorides,  of  the  first  century  a.  d.  (Lib.  v., 
cap.  77,  ed.  Sprengel,  vol.  i.,  p.  734).  Although  abor- 
tion is  abjured  without  qualification  in  the  oath,  there 
were  probably  Greek  practitioners  of  the  time  of  Hippoc- 
rates who  made  a distinction  similar  to  the  modern  one 
between  justifiable  and  criminal  abortion;  for  methods 
of  emptying  the  uterus  are  frequently  and  quite  simply 
referred  to  in  the  Hippocratic  collection,  though  often 
expressly  aimed  at  embryos  styled  “dead”  or  “livid”  or 
“ motionless  ” or  “ stricken  ” or  “ apoplectic.  ” 

But  there  is  also  good  reason  to  believe  that,  in  Hellas, 
the  accepted  line  between  guilt  and  innocence  in  the  mat- 
ter of  abortion  did  not  always  coincide  with  that  drawn 
nowadays.  The  clear  recognition  of  the  fact  that  the 
early  embryo  is  from  the  instant  of  conception  a human 
being,  truly  alive  and  possessing  the  right  to  live,  even 
before  the  “quickening,” — this  doctrine  is  entrenched  in 
a maturer  knowledge  of  physiology  than  the  ancients 
could  command.  In  the  ideal  State  discussed  in  Plato’s 
dialogue  of  “The  Republic,”  certain  embryos  irregularly 
begotten  were  to  be  made  away  with  before  birth  (Ed. 
Stephanus,  p.  461c).  Plato  was  a younger  contemporary 
of  Hippocrates,  and  Plato’s  pupil,  Aristotle,  was  born  a 
few  years  before  the  death  of  the  great  physician,  and 
was  himself  an  Asclepiad,  i.e.,  a physician’s  son.  Aris- 
totle, in  his  “Politica,”  expressly  recommends  abortion 
in  order  to  limit  the  number  of  children,  but  enjoins  the 
procuring  of  it  “before  the  advent  of  sensation  and  life.” 
The  presence  of  these  he  formally  makes  the  criterion  of 
“ the  hallowed  ” and  the  reverse  in  this  matter  (Politica, 
vii.,  cap.  16,  ed.  Ac.  Boruss.,  p.  1335,  b 19  to  26). 

In  the  embryological  treatise  “ On  the  Nature  of  the 
Child  ” in  the  Hippocratic  collection,  the  author,  who 
may  not  have  been  of  Cos,  but  possibly  an  adherent  of 
the  rival  school  of  Cnidos,  describes  a certain  case  as  one 
of  abortion  at  the  sixth  day  deliberately  procured  by 
himself.  The  circumstances  are  given  in  detail,  and 
plainly  stamp  the  case  as  criminal  according  to  modern 
ideas;  but  the  author  relates  it  without  a trace  of  guilty 
consciousness,  adhering,  one  may  conjecture,  to  the  doc- 
trine of  morals  set  forth  by  Aristotle  (“  Hippocrates  de 
Nat.  Pueri,”  § 13,  Ed.  Littre,  vii.,  p.  488).  The  follow- 
ing striking  passage  both  shows  us  “ strict  construction- 
ists ” of  the  Hippocratic  oath  nearly  five  hundred  years 
after  the  death  of  Hippocrates,  and  sets  forth  explicitly, 
as  current  eighteen  centuries  ago,  a view  of  the  morals  of 
abortion  closely  akin  to  that  of  modern  physicians.  The 
Greek  gynaecologist,  Soranus  of  Ephesus,  was  a practi- 
tioner at  Rome  under  the  emperors,  not  far  from  the 
time  when  Juvenal  was  scourging  its  vices  with  his 
satires,  in  the  earlier  years  of  the  second  century  a.d. 
Referring  to  abortion,  Soranus  writes: 

There  is  a disagreement ; for  some  reject  destructive 
practices,  calling  to  witness  Hippocrates,  who  says,  “ I 
will  give  nothing  whatever  destructive,”  and  deeming  it 
the  special  province  of  Medicine  to  guard  and  preserve 
what  Nature  generates.  Another  party  maintains  the 
same  view,  but  makes  this  distinction,  viz. : that  the 
fruit  of  conception  is  not  to  be  destroyed  at  will  because 
of  adultery  or  of  care  for  beauty,  but  is  to  be  destroyed 
to  avert  danger  impending  at  parturition,  if  the  uterus 
be  small  and  cannot  subserve  the  perfecting  of  the  fruit, 
or  have  hard  swellings  and  cracks  at  its  mouth,  or  if 
some  similar  condition  prevail.  This  party  says  the 
same  thing  about  preventing  conception,  and  with  it  I 
agree.  (Translated  by  the  present  writer  from  the  Greek 
of  Soranus,  Gynteciorum  Lib.  i.,  cap.  19,  ed.  Rose,  p. 
229). 

The  abjuration  of  lithotomy  in  the  oath  contains  the 
only  mention  thereof  made  in  the  Hippocratic  collection. 
The  ancient  practitioners  of  medicine  freely  practised 
operative  surgery ; and  no  certain  cause  can  be  assigned 
for  their  refusal  to  cut  for  the  stone.  It  has  been 
shrewdly  guessed,  however,  that  the  cause  lay  simply  in 
the  formidable  dangers  of  a rude  and  uncertain  proce- 
dure. 

As  the  Hippocratic  oath  still  plays  a part  in  medicine 


worthy  of  its  character  and  history,  it  has  been  thought 
proper  to  end  this  article  with  one  of  the  modern  adapta- 
tions. At  the  annual  commencement  of  Columbia  Uni- 
versity in  the  City  of  New  York,  the  following  oath  is 
administered  to  the  graduating  class  of  its  College  of 
Physicians  and  Surgeons: 

Candidates  for  the  Degree  of  Doctor  of  Medicine : 

You  do  solemnly  swear,  each  man  by  whatever  he 
holds  most  sacred : 

That  you  will  be  loyal  to  the  Profession  of  Medicine 
and  just  and  generous  to  its  members; 

That  you  will  lead  your  lives  and  practise  your  art  in 
uprightness  and  honor; 

That  into  whatsoever  house  you  shall  enter,  it  shall  be 
for  the  good  of  the  sick  to  the  utmost  of  your  power,  you 
holding  yourselves  far  aloof  from  wrong,  from  corrup- 
tion, from  the  tempting  of  others  to  vice ; 

That  you  will  exercise  your  art  solely  for  the  cure  of 
your  patients,  and  will  give  no  drug,  perform  no  opera- 
tion, for  a criminal  purpose,  even  if  solicited;  far  less 
suggest  it ; 

That  whatsoever  you  shall  see  or  hear  of  the  lives  of 
men  which  is  not  fitting  to  be  spoken,  you  will  keep  in- 
violably secret. 

These  things  do  you  swear?  Let  each  man  bow  the 
head  in  sign  of  acquiescence. 

And  now,  if  you  shall  be  true  to  this,  your  oath,  may 
prosperity  and  good  repute  be  ever  yours;  the  opposite, 
if  you  shall  prove  yourselves  forsworn. 

In  this  oath,  the  words  “ that  you  will  be  loyal  to  the 
Profession  of  Medicine,  and  just  and  generous  to  its  mem- 
bers,” are  from  a formula  at  one  time  in  use  at  the  above- 
named  medical  school;  for  the  rest  of  the  foregoing 
adaptation  the  present  writer  is  responsible. 

John  G.  Curtis. 


HIRUDINEA.— Among  the  Annelida  or  segmented 
worms  the  leeches  form  a well-marked  order.  The  body 
of  the  leech  is  elongated,  usually  flattened  dorso-ven- 
trally,  and  provided  with  a prominent  terminal  or  sub- 
anal  sucker,  while  many  forms  possess  also  an  anterior 
or  oral  sucker.  The  bristles  all  but  universally  present 
in  annelids  are  here  wanting  save  in  a single  genus,  and 
the  metamerism  of  the  body  presents  a poorly  marked 
external  aspect  although  actually  highly  developed.  The 
rings  which  appear  in  external  view  are  mere  surface 
markings,  and  are  variably  related  to  the  true  somites.  Of 
the  latter  there  are  always  thirty-four  (thirty-five),  of 
which  those  in  the  central  portion  of  the  body  possess 
the  typical  number  of  annuli,  while  the  first  few  and  last 
few  manifest  ordinarily 
a reduction  from  that 
number.  Prominent 
papillae  may  usually  be 
observed  on  the  dorsal 
surface  in  the  form  of 
six  or  eight  longitud- 
inal rows;  these  are 
metameric  sense  organs 
known  as  sensillre,  and 
the  eyes  which  vary 
in  number  in  different 
forms  are  anterior  units 
in  certain  of  the  rows. 

The  annulus  bearing 
the  sensible  is  now  gen- 
erally regarded  as  the 
central  one  of  the  typi- 
cal three-  or  five-ringed 
somites,  and  is  the  only 
one  present  in  case  of 
those  somites  manifesting  the  extreme  of  reduction.  The 
leeches  are  hermaphroditic  and  the  two  sexual  pores  lie 
in  the  midventral  line,  the  male  in  front  of  the  female 
orifice. 


Fig.  2656.— Hirudo  medicinalis , or 
European  Leech,  a , Ventral  aspect 
of  anterior  end,  showing  an  open 
mouth  at  the  bottom  of  which  the 
laws,  K,  are  visible;  b,  one  of  the 
jaws  isolated,  showing  marginal  den- 
ticles and  muscles.  (After  Claus.) 
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The  family  of  the  Gnatliobdellidae,  or  Round-jawed 
Leeches,  is  characterized  by  three  saw-toothed  jaws  in 
a simple  pharynx  (Fig.  2656) ; the  typical  somite  has  five 
annuli.  Among  the  fresh-water  leeches  (Natantia), 
which  have  an  eyeless  ring  between  the  third  and  fourth 
pairs  of  eyes,  only  the  monostichodont  forms  (i.e.,  those 
with  a single  row  of  teeth  in  each  jaw)  are  important, 
and  of  these  only  two  genera  need  be  noticed  here. 

Hirudo  L. — Either  one  hundred  and  one  or  one  hun- 
dred and  two  rings  with  twenty -six  metameres  between 
the  first  pair  of  eyes  and  the  sucker  of  which  the  first  six 
and  the  last  four  are  abbreviated.  Buccal  and  post-buc- 
cal rings  fused  below  ; only  three  annuli  in  somite  XXIII. 
Each  jaw  has  from  fifty  to  one  hundred  sharp-pointed 
teeth.  Male  genital  pore  between  annuli  30  and  31, 
female  between  35  and  36.  First  pair  of  nephridiai  pores 
ventral  in  ring  13,  last  in  ring  93 ; seventeen  in  all. 

Hirudo  medicinalis  L. — Sanguisuga  medicinalis  Savigny 
1820,  S.  officinalis  Savigny  1820,  11.  officinalis  Derheims 
1825.  Length  100  to  200  mm. ; breadth  10  to  30  mm. 


Jaws  large,  each  with 


Fig.  2657. — Hirudo  medi- 
cinalis, or  European 
Leech.  A,  Dorsal  as- 
pect; B,  ventral  aspect. 
(After  Railliet.) 


80  to  90  teeth.  Color  variable, 
darker  above  than  below,  dirty 
yellowish-brown  in  tone  with 
tendency  to  gray  or  green;  at 
the  margin  a bright  yellow  or 
brown  band  with  black  mar- 
gins ; on  the  back  three  more  or 
less  prominent  red  longitudinal 
bands  spotted  with  black  (Fig. 
2657). 

This  species  is  native  in 
Europe,  northern  Africa  and 
southwestern  Asia,  but  at  pres- 
ent is  extinct  in  many  regions 
and  obtained  by  artificial  cult- 
ure or  through  importation 
only.  Among  the  very  numer- 
ous color  varieties,  as  many  as 
sixty-four  being  recorded  by 
Diesing,  two  have  been  recog- 
nized as  sub-species  or  varieties : 

The  Gray  Leech,  var.  medi- 
cinalis s.  sir.,  back  greenish- 
gray  with  three  russet-red  lines 
on  each  side,  of  which  the  mid- 
dle one,  and  often  the  inner 
also,  shows  a black  spot  on 
each  metamere.  Ventral  sur- 
face greenish-yellow  and  spot- 
ted with  black. 

The  Green  Leech,  var.  offici- 
nalis, back  darker  green,  often 
with  black  pigment  more  prom- 
inent, though  red  specimens  also 
occur.  Ventral  surface  almost 
of  intermediate  forms 
these  two  varieties 


entirely  uuspotted.  A series 
makes  a distinction  even  between 
difficult  in  many  cases. 

The  leech  sucks  from  four  times  its  volume  of  blood 
for  the  young  to  three  times  in  an  adult,  or  from  6 to  15 
gm.  If,  however,  the  sucking  leech  be  cut  in  two  by  the 
shears  close  behind  the  pharynx,  the  blood  streams  out 
in  pronounced  pulsations  and,  as  the  sucking  action  is 
not  interfered  with,  a stronger  or  rather  longer-continued 
blood  extraction  is  caused.  During  the  ordinary  opera- 
tion of  sucking  a leech  gives  off  a large  quantity  of  clear 
fluid  which  exudes  from  the  skin  in  drops.  It  is  not 
blood  serum,  as  often  supposed,  but  the  secretion  of  the 
nephridiai  canals.  While  this  exudation  ceases  at  the 
end  of  ten  days,  the  assimilation  of  the  stomach  contents 
of  the  leech  demands  from  twelve  to  eighteen  months. 
At  the  end  of  two  months,  however,  the  animal  mani- 
fests willingness  to  bite,  but  its  full  appetite  is  not  yet 
restored.  On  the  other  hand,  the  leech  can  fast  for  two 
years  or  more  and  may  be  kept  indefinitely  without  food 
in  suitable  leech  jars.  A fast  of  from  six  to  eight  months 
is  necessary  before  re-employment;  but  the  latter  is  not 
advisable.  Before  the  third  year  of  their  growth  leeches 


are  not  used  for  medicinal  purposes,  and  from  eighteen 
to  twenty  years  has  been  put  as  the  probable  length 
of  life.  For  the  method  of  using  leeches,  see  Blood- 
letting. 

At  one  time  the  enormous  demand  for  leeches  reached, 
for  example,  7,000,000  per  year  in  London  alone,  but  in 
recent  years  their  use  for  therapeutic  purposes  has  greatly 
diminished,  no  doubt  largely  as  the  result  of  occasional 
fatal  cases  and  in  spite  of  certain  evident  advantages  for 
local  affections.  Fatal  bleeding  has  been  known  where 
the  bite  opened  a large  vessel  (vena  cruralis  or  jugularis), 
or  in  internal  organs  where  the  leech,  by  careless  ap- 
plication at  the  nasal  fossae,  vagina,  or  rectum,  has  pene- 
trated or  been  drawn  too  deeply  into  the  organ.  In  order 
to  guard  against  this  leeches  should  be  fastened  in  such 
cases  by  a thread  passed  through  the  middle  of  the  pos- 
terior sucker.  Several  authors  have  investigated  the  re- 
puted transmission  of  disease,  particularly  bacterial,  by 
leeches,  but  uniformly  with  negative  results.  So  far  as 
bacteria  are  concerned,  the  species  studied  were  rapidly 
digested  in  the  stomach  of  the  leech,  and  the  entrance 
into  the  wound  of  such  as  may  be  upon  the  lips  at  the 
start  appears  difficult  under  the  circumstances  of  the 
blood  flow.' 

Where  native,  these,  like  other  large  leeches,  attack 
men  and  animals  invading  swamps  and  pools,  and  in  re- 
corded instances  with  fatal  results  to  children  or  young 
animals. 

Hirudo  troctina  Johnson  1816,  often  confused  with  the 
medicinal  leech,  is  distinguishable  by  its  smaller  size,  80 
to  100  mm.  in  length  by  12  to  18  mm.  in  breadth,  and 
especially  by  the  scantier  number  of  teeth,  about  sev- 
enty, in  each  jaw.  It  is  native  in  northern  Africa  and 
Spain,  perhaps  also  Italy  and  Sicily,  and  is  exported  in 
large  numbers  to  France,  England,  and  America.  In 
power  to  extract  blood  it  is  much  inferior  to  11.  medi- 
cinalis. 

Hirudo  nipponica  Whitman  1886,  also  smaller  in  size 
than  H.  medicinalis,  is  common  about  Tokyo,  Japan,  and 
in  other  parts  of  the  island.  Its  habits  and  use  conform 
closely  to  those  of  the  continental  species.  Other  species 
of  similar  habit  are  reported  from  different  regions  of  the 
Orient;  they  are,  however,  only  poorly  known. 

The  genus  Limnatis may  be  distinguished  from  Hirudo 
by  the  papillae  on  the  jaws  and  by  the  ventral  furrow 
traversing  the  entire  length  of  the  anterior  lip  of  the  oral 
sucker.  One  species,  Limnatis  nilotica  Sav.,  demands 
brief  notice.  It  is  native  in  the  circummediterranean 
region,  and  in  some  places  is  so  abundant  as  to  become  a 
veritable  pest.  Especially  the  young,  described  by  Mo- 
quin-Tandon  as  Sanguisvga  cegyptiaca,  are  often  swal- 
lowed accidentally  in  drinking  and  may  remain  fora  long 
. time  fixed  in  pharynx,  choanse,  oesophagus,  trachea,  or 
even  stomach.  The  species  plays  accordingly  an  impor- 
tant role  in  diseases  of  man  and  domestic  animals  in  north- 
ern Africa  during  the  hot  season.  European  soldiers  in 
garrison,  and  even  natives,  in  spite  of  their  precautions, 
suffer  from  the  leech,  which  evokes  by  its  presence  both 
local  and  general  symptoms  of  serious  character  if  assist- 
ance is  not  speedily  afforded.  With  the  removal  of  the 
worms  rapid  and  complete  healing  of  the  wounds  and 
disappearance  of  secondary  symptoms  occur  almost  im- 
mediately and  without  exception.  The  removal  may  be 
accomplished  by  instruments  from  those  organs  where 
the  leech  can  be  seen;  in  deeper  locations  copious  appli- 
cation of  salt  water  is  said  to  be  efficacious.  This  leech 
can  pierce  only  the  mucous  membranes  of  higher  ani- 
mals, and  its  inability  to  penetrate  the  external  skin, 
even  of  children,  has  often  been  demonstrated.  Other 
species  of  this  genus  have  a more  powerful  bite,  and  are 
used  especially  in  the  East  for  medicinal  purposes,  even 
though  they  take  up  less  than  half  as  much  blood  as 
Hirudo  medicinalis.  In  this  country  Macrobdella  decora, 
one  of  the  large  native  leeches,  is  employed  in  some 
places  for  blood-letting;  it  may  be  recognized  by  the 
following  description: 

Macrobdella  Verrill  1872.  Cephalic  lobe  smaller  than 
in  Hirudo.  Annuli  103;  at  least  four  in  somite  XXIII. 
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Neither  buccal  uor  post-buccal  annuli  united  on  the  ven- 
tral side.  Both  genital  orifices  in  somite  XL,  and  behind 
them  a group  of  prominent  copulatory  glands. 

Macrobdella  decora  Verrill. — Ilirudo  decora  Say  1824, 
H.  decora  Leidy  1868.  Jaws  with  about  sixty-five  teeth, 
copulatory  glands  opening  by  four  pores  in  a quadrate 
figure  on  the  last  annulus  of  XIII.  and  the  first  two  of 
XIY.  The  first  annulus  of  XXYI.  is  divided  marginally 
and  sometimes  also  dorsally  into  two  annuli. 

This  species  is  widely  diffused  in  fresh  waters  of  the 
United  States,  having  been  reported  from  Maine  to  Min- 
nesota and  from  Pennsylvania  to  Kansas.  It  is  fre- 
quently used  instead  of  imported  leeches  by  physicians 
and  is  said  to  be  equally  efficacious,  although  its  capac- 
ity is  somewhat  smaller,  only  about  5 gm.  It  is  so 
powerful,  however,  that  serious  results  have  followed 
its  attacks  upon  the  legs  of  children  wading  in  its 
haunts. 

Among  the  land  leeches  which  form  a special  section, 
Reptantia,  of  this  family,  and  are  distinguished  by  the 
absence  of  an  eyeless  ring  between  the  third  and  fourth 
pair  of  eyes,  a few  forms  deserve  brief  mention. 

Hcemadipsa  Tennent.  Body  almost  round,  sucker  sep- 
arated only  by  a slight  constriction.  Near  the  sucker 
auriculae  with  the  pores  of  the  last  pairs  of  nephridia. 
Typical  metamere  with  five  annuli. 

Hcemadipsa  zeylanica  Moq.-Tand. — H.  japonica  Whit- 
man. Length  20  mm.,  or  in  extended  form  60  mm.,  di- 
ameter of  body  behind  6 mm. , in  front  2 mm. ; sucker  5 to 
7 mm.  in  diameter.  Annuli  ninety-seven ; male  genital 
pore  between  annuli  30  and  31,  female  between  35  and 
36.  In  each  jaw  ninety  incurved  teeth. 

The  animal,  when  gorged,  has  the  form  of  a flask  of 
about  10  mm.  in  diameter  at  its  largest  part,  while  the 
neck  measures  only  2 or  3 mm.  in  thickness.  The  color 
is  exceedingly  variable,  and  yet  five  or  six  varieties  may 
be  recognized,  one  of  which,  var.  japonica  Whitman, 
known  in  Japan  as  the  mountain  leech,  is  common  in  the 
entire  Indomalayan  region,  China,  and  Japan.  It  has 
long  been  known  on  the  island  of  Ceylon,  where  it  forms 
a veritable  pest  to  natives  and  Europeans  alike.  The 
leeches  appear  in  immense  swarms,  particularly  in  moist 
regions  and  during  the  rainy  season,  and  at  all  levels 
from  the  coast  up  to  4,000  feet,  although  they  occur  even 
as  high  as  15,000  feet  in  the  Himalayas.  During  the  dry 
season  they  hibernate  in  the  earth ; at  other  times  they 
live  in  moss  among  stones  and  on  shrubs  and  trees.  The 
approach  of  large  animals  brings  them  out  in  myriads ; 
they  move  with  surprising  activity,  and  springing  on  the 
unfortunate  passer-by  they  suck  often  for  hours  before 
falling  off.  No  clothing  is  close  enough  to  protect  man 
from  their  attacks,  and  during  army  manoeuvres  they  have 
inflicted  large  losses  on  European  troops,  attacking  the 
soldiers  even  when  asleep.  Accounts  of  travel  in  Ceylon 
abound  in  narratives  of  the  ferocity  of  these  pests,  and 
recent  writers  from  the  Philippines  comment  on  their 
activity  in  that  country  in  equally  forcible  terms.  It  is 
probably  this  species,  and  very  likely  the  variety  japon- 
ica, which  is  reported  by  Blanchard  as  abundant  in  the 
Philippines,  to  which  the  trouble  is  due,  although  other 
species  of  Hcemodipsa  manifest,  no  doubt,  similar  habits  of 
life. 

The  bite  is  not  poisonous,  as  often  maintained,  but  the 
large  number  of  wounds  and  careless  treatment  afford 
abundant  opportunity  for  secondary  infection  of  a seri- 
ous character.  Among  the  natives  of  Ceylon  one  may 
see  many  deformities  induced  by  these  leeches,  which  are 
accordingly  feared  more  than  serpents  and  carnivores. 

An  allied  form,  Phytobdella  Meyeri  R.  Bl.,  is  also  re- 
corded from  Luzon. 

The  family  of  the  Rhyncliobdellidte,  or  proboscis 
leeches,  is  characterized  by  a protrusible  pharynx,  while 
the  typical  metamere  consists  of  three  annuli  and  jaws 
are  lacking.  Few  of  these  forms  are  able  to  penetrate 
the  human  skin,  but  among  those  of  sufficient  power  are 
especially  American  forms,  which  appear  as  occasional 
parasites  of  man  and  in  some  regions  are  used  for  thera- 
peutic purposes.  The  two  species  of  importance  are  both 


members  of  the  following  genus,  which  is  restricted  to 
the  warmer  regions  of  the  American  continent: 

Liostoma  Wagler  1831 — Heementeria  de  Fil.  1849. 
Body  broad  and  flattened;  back  covered  with  many 
prominent  papillae ; the  first  and  third  ring  of  each  so- 
mite, from  VI.  to  XXII.  inclusive,  split  on  the  ventral 
surfaee  so  that  on  the  ventral  surface  the  space  occupied 
by  five  pseudo-annuli  corresponds  to  that  occupied  by  the 
three  adjoining  dorsal  annuli.  Male  genital  pore  between 
annuli  26  and  27,  female  between  28  and  29.  Two  pairs 
of  eyes  so  closely  set  that  they  appear  as  a single  pair. 

Liostoma  Ghilianii  R.  Bl. — Ilcementeria  Ghilianii  de 
Fil.  1849.  Length  of  alcoholic  specimen  190  mm., 
breadth  100  mm.,  corresponding  to  a probable  length 
while  living  of  350  to  400  mm.  Annuli  seventy,  together 
with  three  preocular ; the  first  seven  annuli  form  the  oral 
sucker. 

This  giant  form  inhabits  the  basin  of  the  Amazon  and 
the  swampy  regions  of  Guiana.  Blanchard  reports  that 
it  attacks  horses  and  cattle,  and  a few  individuals  are 
sufficient  to  kill  even  a full-grown  animal. 

Liostoma  coccineum  Wagler  1831 — Heementeria  officina- 
lis de  Fil.  1849,  H.  mexicana  de  Fil.  1849,  Glossiphonia 


granulosa  Jimenez  1865.  Length  80  mm.,  breadth  22 
mm.  Annuli  seventy,  with  two  preocular;  the  first  six 
annuli  form  the  oral  sucker  (Fig.  2658). 

The  range  of  this  species  extends  from  Mexico  to  Para- 
guay through  Central  and  South  America.  In  Mexico 
it  is  universally  used  as  the  medicinal  leech.  In  some 
instances,  however,  its  bite  appears  to  be  accompanied 
by  serious  results.  There  are  noted  almost  immediately 
a feeling  of  general  lassitude  and  an  unpleasant  itching 
and  twitching,  succeeded  soon  by  general  urticaria,  and 
in  a short  time  apoplectic  symptoms  are  manifested ; but 
cases  occur  in  which  the  cerebral  congestion  or  the  urti- 
caria is  wanting.  Most  authors  incline  now  to  the  be- 
lief that  these  symptoms  are  due  to  the  salivary  secretion 
poured  into  the  bite  by  the  leech,  and  yet  it  seems  also 
clear  that  some  predisposition  on  the  part  of  the  indi- 
vidual is  also  a prerequisite.  Brandes  suggests  that  the 
symptoms  of  poisoning  are  manifested  only  in  persons 
exhibiting  hypenesthesia,  and  attributes  the  rare  cases  of 
serious  illness  following  the  application  of  Hirudo  medi- 
cinalis  in  Europe  to  the  same  sensitive  constitution. 
(Compare  in  this  connection  the  effects  produced  by  the 
bite  of  Argas,  as  reported  by  Brandes  and  noted  in  the 
article  Arachnida,  Vol.  1.,  p.  437.) 

In  spite  of  these  accidents  this  is  actually  the  only 
species  used  for  medicinal  purposes  in  Mexico,  sufficient 
evidence  of  its  generally  satisfactory  character.  In  some 
provinces  (Guadalajara)  the  leech  is  regularly  cut  in  two 
after  it  has  taken  hold  in  order  to  measure  definitely  the 
quantity  of  blood  extracted.  Henry  B.  Ward. 
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HISTOLOGICAL  TECHNIQUE— Methods  of  Study 
ing  Living  and  Fresh  Tissue. — For  observations  on 

living  tissue,  we  now  make  use  of  the  cold-blooded  ani 


r 

■^r  , — r-1 — : — T'77"'  . 

'i 

c 

Fig.  2659.— Schulzer’s  Larva  Holder. 

mals  almost  exclusively ; and,  on  account  of  the  conve- 
nience, use  the  tails  of  amphibian  larvae,  and  small  fishes 
and  frogs.  For  holding  these  small  animal's,  while  under 
observation,  the  larva  holder  of  Scliulzer  (Fig.  2659)  will 
be  found  very  convenient.  The  head  of  the  animal  is 
placed  under  the  edge,  a,  the  tail  is  spread  out  on  the 
bevelled  plate,  b,  and  covered  with  a cover-glass.  The 
cell  holds  sufficient  water  to  cover  the  animal.  To  keep 
the  animal  cpiiet,  we  wrap  it  loosely  in  a piece  of  cloth, 
leaving  the  gills  free,  or  add  a few  drops  of  ether  to  the 
water.  If  the  observations  are  to  be  continued  for  any 
length  of  time,  provision  must  be  made  for  the  renewal 
of  the  water.  This  can  be  accomplished  by  any  of  the 
usual  methods  of  irrigation. 

For  observations  on  the  frog,  it  is  necessary  to  paralyze 
the  animal  with  curare.  A slight  nick  is  made  in  the 
skin  over  the  posterior  part  of  the  head,  and  two  or  three 
drops  of  a one-twentieth-per-cent,  solution  of  curare*  is 
injected  into  the  dorsal  lymph  sac  by  means  of  a long, 
slender  pipette  introduced  through  the  above  nick.  The 
exact  amount  of  curare  to  be  used  will  depend  upon  its 
quality  and  the  size  of  the  animal,  and  can  be  determined 
only  by  experiment.  In  the  course  of  a few  hours  the 
animal  will  become  completely  paralyzed,  while  the  vege- 
tative functions  continue,  the  necessary  amount 
of  oxygen  being  supplied  by  cutaneous  respira- 
tion. 

We  utilize  for  these  observations: 

1.  The  Web. — The  advantage  of  this  part  of  the 
animal  is  that 
we  do  not  inflict 
any  injury,  con- 
sequently we 
are  not  likely  to 
meet  with  any 
disturbances  of 
the  vital  proc- 
esses ; but,  on 
account  of  it 
not  being  very 
transparent,  it  is 
inferior  to  other 
parts.  A frog 
poor  in  pigment 
should  be  select- 
ed, and  after  be- 
ing wrapped  in 
a moist  cloth  it 
is  laid  on  an  oblong  sheet  of  cork,  in  one  end  of  which 
a hole,  at  least  15  mm.  in  diameter,  is  made : at  the  edges 
of  this  hole  four  or  live  pins  are  stuck,  to  which  bits  of 

* S.  H.  Gage  recommends  the  following  solution  : Curare,  0.2  gm. ; 
nlnety-flve-per-cent.  alcohol,  20  c.c. ; water,  20  c.e.  Grind  up  the 
curare  in  a mortar  with  the  water  and  alcohol.  Do  not  Alter. 


soft  string  attached  to  the  toes  are  tied,  spreading  the 
web  out  over  the  hole.  The  cork  is  now  placed  on  the 
stage  of  the  microscope,  and  the  web  is  moistened  at  in- 
tervals to  prevent  its  drying. 

2.  The  'Tongue. — For  observations  on  this  and  other 
organs  of  the  animal,  Professor  Thoma  has  invented  a 
series  of  frog  plates,  which  are  shown  in  Fig.  2660.  The 
one  in  the  centre  of  the  figure  is  for  the  tongue ; that  on  the 
left  for  the  mesentery ; that  on  the  right  for  the  lung  and 
bladder.  These  plates  consist  of  a bed  plate,  a,  of  brass, 
covered  by  a thin  sheet  of  hard  rubber.  At  B is  an  open- 
ing, which  varies  in  the  different  plates,  covered  with  a 
thick  glass  plate  on  which  the  organ  to  be  examined  is 
placed.  At  some  distance  from  this  glass  plate  runs  the 
brass  rim,  c,  c,  c,  7 mm.  high,  which  by  a proper  incli- 
nation conveys  the  irrigating  fluid,  as  it  flows  off  the 
organ,  to  the  tubes,  d,  d,  to  which  are  attached  rubber 
tubes  leading  to  a vessel  for  receiving  the  waste  fluid. 
The  supports,  f,  are  for  holding  the  irrigating  cannula, 
g.  They  are  pivoted  to  the  plate,  and  move  on  a perpen- 
dicular axis;  to  the  upper  end  is  attached  a short  split 
tube,  which  is  tightened  by  a small  screw ; this  is  con- 
nected with  the  support  by  a hinged  joint,  allowing  it 
to  be  moved  on  a horizontal  axis.  In  this  tube  is  placed 
the  glass  irrigation  cannula,  g.  It  will  be  noticed  that 
in  the  tongue  and  mesentery  plates  two  supports  are  pro- 
vided. This  is  to  allow  of  the  use  of  two  cannulas  one 
for  irrigating  the  upper,  and  the  other  the  under,  surface 
of  the  organ.  At  e is  a perpendicular  rod  for  supporting 
the  ring  holding  the  cover-glass.  At  each  side  of  the 
plates  (in  the  tongue  plate  it  is  at  the  end)  is  a notched 
support,  k,  for  holding  the  rubber  tube  attached  to  the 
cannula  introduced  into  the  different  organs  for  inflation, 
etc.  Between  the  rim,  c,  c,  c,  and  the  plate,  B,  bits  of 
cork  are  wedged  for  pinning  out  the  organs. 

For  examining  the  tongue,  the  animal  is  placed  on  the 
plate  belly  down,  and  the  nose  is  brought  close  to  the 
edge  of  the  glass  plate;  the  tongue  is  drawn  out  over  the 
plate,  and  fastened  to  the  bits  of  cork  by  pins  which  are 
cut  off  short. 

3.  The  Mesentery. — Male  frogs  are  to  be  used,  so  that 
the  examiner  may  not  be  embarrassed  with  the  ovaries. 
An  incision  is  made  through  the  skin,  on  the  side,  from 
the  pelvis  nearly  to  the  axilla.  After  all  hemorrhage  has 
ceased,  the  abdominal  cavity  is  opened  by  an  incision  of 
10  to  20  mm.  in  length;  a coil  of  intestine  is  drawn  out 
carefully  over  the  glass  plate  so  that  it  will  fall  upon  the 
bits  of  cork,  to  which  it  is  pinned,  leaving  the  mesentery 

spread  out  in  a thin  layer  on  the  glass  plate. 

4.  The  Bladder. — A glass  cannula  (B,  Fig. 
2661)  is  filled  with  a three-fourtlis-per-cent. 
salt  solution,  and  the  rubber  tube  closed  with 
a bit  of  glass  rod.  The  cannula  is  now  in- 


Fig.  2660.— Thoma’s  Frov  Plates. 


serted  into  the  cloaca,  and  directed  forward  into  the 
bladder;  it  is  held  in  place  by  a thread  passed  through 
the  skin  over  the  sacrum  and  tied  around  the  cannula. 
An  incision,  similar  to  the  one  for  the  mesentery,  is  made 
in  the  side  of  the  animal.  The  glass  rod  is  removed 
from  the  rubber  tube,  and  the  latter  is  raised  slightly  so 
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as  to  cause  the  fluid  to  flow  into  the  bladder,  distending 
it.  The  animal  is  now  placed  on  the  frog  plate,  and  by 
gentle  manipulation  with  the  handle  of  a scalpel  the  dis- 
tended organ  is  brought  upon  the  glass  plate  and  fur- 
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Fig.  3661.— Inflation  Cannulse. 

tlier  distended  if  necessary ; the  glass  rod  is  now  replaced 
in  the  rubber  tube,  and  the  latter  fixed  in  the  support 
{k,  Fig.  2660).  The  animal  is  covered  with  a bit  of 
moistened  filter  paper,  and  the  frog  plate  is  placed  on 
the  microscope. 

5.  The  Lung. — The  cannula  (A,  Fig.  2661)  is  intro- 
duced through  the  epiglottis,  and  held  in  place  by  a 
thread  passed  through  the  nose  and  tied  around  the  con- 
striction of  the  cannula.  An  incision,  carried  well  into 
the  axilla,  is  made  through  the  skin  on  the  side  of  the 
animal,  and  when  all  hemorrhage  has  ceased  the  thoracic 
cavity  is  opened.  The  operator  should  now  remove  the 
bit  of  glass  rod  from  the  end  of  the  rubber  tube  attached 
to  the  cannula,  and  gently  blow  into  the  same,  when  the 
distended  lung  will  be  forced  through  the  incision.  The 
animal  is  placed  on  the  frog  plate,  and  the  distended  lung 
brought  upon  the  plate  B.  In  Fig.  2662  is  shown  the 
arrangement  of  the  frog  plate  on  the  microscope,  and  the 
irrigating  bottle.  The  stage  of  the  microscope  is  to  be 
inclined  so  as  to  cause  the 
irrigating  fluid  to  flow 
away.  The  bottle  attached 
to  the  ring  stand,  filled 
with  a three-fourths-per- 
cent.  salt  solution,  is  closed 
tightly  with  a rubber  cork, 


Fig.  2663.— Frog  Plate  and  Irrigating  Apparatus. 

through  which  pass  two  glass  tubes.  To  one  is  attached 
a rubber  tube,  which  is  connected  with  the  glass  cannula 
(g,  Fig.  2660)  and  conveys  the  irrigating  fluid.  The 
other  is  for  regulating  the  pressure,  which  can  be  varied 
by  raising  or  lowering  the  tube.  The  flow  from  the  end  of 
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the  irrigating  cannula  should  be  by  drops,  at  short  inter- 
vals, and  is  regulated  by  the  pressure  in  the  bottle,  the  size 
of  the  opening  in  the  point  of  the  cannula,  and,  if  neces- 
sary, by  a spring  clip  placed  on  the  rubber  supply-tube. 

Fresh  tissues  are  to  be  examined 
in  the  fluid  that  bathes  them  during 
life,  or  in  a fluid  that  will  change 
them  but  little  if  at  all.  Such  fluids 
are  known  as  indifferent  fluids,  and 
resemble  in  composition  the  natural 
fluids  of  the  body.  They  are  as  fol- 
lows: 

Aqueous  Humor  of  the  Eye. — Ob- 
tained by  puncturing  the  cornea  of 
a recently  killed  animal,  and  allow- 
ing the  aqueous  humor  to  escape. 

Blood  Serum. — The  blood  of  a 
recently  killed  animal  is  poured 
into  a tall  glass  cylinder  and  al- 
lowed to  coagulate.  After  coagulation  has  taken  place, 
the  upper  margin  of  the  clot  is  separated  from  the  sides 
of  the  vessel,  to  permit  it  to  sink ; the  vessel  is  allowed 
to  stand  for  twenty-four  hours,  and  the  clear  serum  is 
then  drawn  off  with  a siphon,  care  being  taken  not  to  dis- 
turb the  clot. 

Iodized  Serum.—  Prepared  by  adding  to  every  1,000 
c.c.  of  blood  serum,  obtained  as  above,  10  c.c.  of  tincture 
of  iodine.  This  fluid  alters  the  tissues  slightly  and  stains 
them  yellow.  Instead  of  blood  serum,  amniotic  or  peri- 
cardial fluid  may  be  used,  but  it  must  be  absolutely  fresh. 

Artificial  Serum. — This  is  to  be  used  only  when  the 
natural  serous  fluids  cannot  be  obtained.  It  is  prepared 
by  dissolving  2 gm.  of  sodium  chloride  and  28  gm.  of 
egg  albumen  in  250  c.c.  of  distilled  water,  and  adding 
2.3  c.c.  of  tincture  of  iodine;  the  solution  is  then  filtered. 

Salt  Solution  (tliree-fourths  per  cent,). — Made  by  dis- 


solving 7.5  gm.  of  perfectly  dry,  chemically  pure  sodium 
chloride  in  1,000  c.c.  of  distilled  water.  This  solution 
alters  fresh  tissues  but  slightly. 

Fresh,  thin  membranes  can  be  examined  in  one  of  the 
above  solutions  without  any  previous  preparation.  Bits 
of  organs,  fibres,  etc.,  are  to  be  teased  on  a slide,  in  a 
drop  of  one  of  the  indifferent  solutions,  or  sections  can  be 
made  by  the  freezing  microtome. 

In  observations  on  fresh  tissue  it  is  necessary  to  pre- 
vent evaporation,  and  in  most  cases  pressure.  The  first 
can  be  prevented  by  painting  a ring  around  the  cover 
with  oil  or  vaseline ; the  latter  by  placing  a hair  between 
the  cover  and  slide ; or  we  may  use  the  moist  chamber. 

In  Fig.  2663  is  shown  a moist  chamber.  In  the  centre 
of  a thick  glass  slide  is  cut  a cavity,  around  the  circum- 
ference of  which  is  a groove  (rr).  The  latter  is  filled  with 
water ; the  specimen  is  placed  on  the  cover-glass  (o).  or 
in  the  middle  of  the  cavity. 

Methods  of  Applying  Reagents. — Application  of 
Fluids , Irrigation. — A drop  of  the  reagent  is  placed  on 
the  slide  in  contact  with  the  edge  of  the  cover-glass,  and 
on  the  opposite  side  of  the  cover  a bit  of  filter  paper. 
The  latter  sucks  out  the  fluid,  which  is  replaced  by  the 
reagent  flowing  in  on  the  other  side.  This  process  of  ir- 
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Prognosis. — In  cases  of  moderate  extent  and  severity 
the  prognosis  is  usually  fairly  favorable.  In  the  ma- 
jority of  cases,  after  a duration  of  some  months,  or  it 
may  be  two  or  three  years,  the  skin  gradually  resumes  its 
normal  aspect.  When,  however,  marked  atrophy  has 
taken  place  with  adhesion  to  the  deeper  structures,  form- 
ing scar-like  patches,  the  prognosis  is  extremely  unfavor- 
able. 

Treatment. — Treatment  is  rather  unsatisfactory.  In- 
ternally such  remedies  as  cod-liver  oil,  arsenic,  quinine, 
anil  iron  may  be  administered  with  the  view  of  improving 
the  patient’s  general  health.  Thyroid  extract  has  been 
given  with  asserted  good  results  in  a small  number  of 
cases.  Locally,  frictions  with  bland  oils  and  fats  arc 
useful,  and  so  also  are  mild  galvanic  currents  applied,  as 
Crocker  suggests,  in  the  neighborhood  of,  rather  than 
directly  to,  the  patches,  to  avoid  any  possible  irritant 
effect.  Brocq  recommends  electrolysis,  employed  as  in 
the  removal  of  hairs.  The  needle  should  be  inserted  in 
every  portion  of  the  patch,  the  current  used  varying  from 
8 to  15  milliamperes,  and  the  needle  should  be  allowed 
to  remain  fifteen  seconds  at  each  puncture.  Between  the 
sittings  mercurial  plaster  is  to  he  applied.  Ilebra  has 
obtained  good  results  from  intramuscular  injections  of  a 
fifteen-per-cent,  alcoholic  solution  of  thiosinamin,  half  a 
Pravaz  syringeful  of  the  solution  being  injected  every 
second  day.  Milton  B.  Ilartzell. 

MORRISON  SPRINGS. — Jefferson  County,  Colorado. 

Post-Office. — Morrison.  Hotel  recently  built. 

Access. — From  Denver  via  Denver,  Gunnison,  and 
Leadville  Railroad.  Morrison  Springs  are  located  four- 
teen miles  southwest  from  Denver,  in  the  basin  of  Bear 
Creek  and  just  within  the  Rocky  Mountain  foothills  at 
an  altitude  of  six  thousand  feet  above  the  sea  level.  No 
complete  quantitative  analysis  of  the  waters  seems  to 
have  been  made,  but  Dr.  W.  C.  McNeal,  of  Morrison, 
furnishes  us  the  following  report  of  a partial  qualitative 
examination : 

Sulphureted  hydrogen. 

Calcium  bicarbonate. 

Manganese. 

Sulphuric  acid  I Doubtless  in 

Arsenious  acid  ( combination. 

Temperature  of  water,  80°  F. 

This  incomplete  analysis  would  indicate  that  the  waters 
possess  tonic,  laxative,  and  alterative  properties.  They 
are  recommended  in  renal,  digestive,  skin,  and  rheumatic 
affections,  and  in  chronic  syphilis.  James  K.  Crook. 

MORTALITY.  See  Vital  Statistics. 

MORVAN’S  DISEASE;  ANALGIC  PANARITIUM.— 

This  curious  and  extraordinarily  rare  disease  was  first 
described  by  Morvan,  of  Brittany,  in  1883.  In  apply- 
ing the  name  analgic  panaritium,  or  “ painless  whitlows," 
Morvan  was  obviously  more  influenced  by  the  salient 
clinical  feature  of  the  disease  than  by  any  consideration 
for  its  underlying  pathology.  Viewed  in  the  light  of  the 
more  critical  tendencies  of  recent  years,  the  desirability 
of  retaining  it  as  a clinical  entity,  to  the  burden  of  an 
already  overcrowded  neurological  nosology,  seems  more 
than  doubtful. 

The  opportunities  for  investigating  the  disease,  even 
in  the  services  of  large  hospitals,  are  so  meagre  that  little 
or  no  satisfactory  advance  has  been  made  in  our  exact 
understanding  of  its  genesis  and  morbid  sub-structure. 
It  appears  to  consist  of  a syringomyelic  condition — or  of 
the  associated  gliomatosis — plus  a peripheral  neuritis. 

In  the  few  cases  in  which  a microscopic  examination 
of  the  cord  has  been  made,  the  connective-tissue  over- 
growth appeared  in  the  posterior  part  of  the  gray  matter 
and  in  the  posterior  columns. 

It  is  practically  certain  that  syringomyelia  takes  its 
origin  in  a developmental  defect.  As  the  primary  mor- 
bid condition  of  the  disease  under  consideration  is  anal- 
ogous to  that  of  syringomyelia  in  all  essential  details,  it 
seems  to  the  writer  much  more  reasonable  to  regard  the 
extra  feature  of  Morvan’s  disease,  the  peripheral  neuritis, 
of  identical  origin.  This  point  of  view  makes  the  two 
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morbid  processes  practically  alike  in  all  respects  except 
topography,  and  the  doubt  arises  as  to  whether  this  sin- 
gle feature  of  dissimilarity  is  sufficient  to  establish  Mor- 
van’s disease  on  the  plane  of  a clinical  entity.  Repeated 
observations  of  the  apparent  fortuitousness  of  the  mor- 
bid distribution  in  cases  of  other  developmental  defects 
should  tend,  by  analogy,  to  reduce  the  present  distin 
guishing  features  of  syringomyelia  and  what  we  now  term 
Morvan’s  disease  to  the  vanishing  point,  and  such  a re 
suit  is  desirable  for  obvious  reasons. 

As  the  clinical  features  of  the  two  diseases  now  stand, 
there  is  nothing  upon  which  we  may  rely  absolutely  for 
differentiation  between  them.  Both  are  apt  to  give  the 
first  clinical  manifestations  of  their  presence  in  the  first 
half  of  adult  life,  and  both  are  alleged  to  follow  some 
traumatism  or  to  arise  in  consequence  of  abuse  of  func 
tion.  How  important  local  traumatism  may  be  in  the 
production  of  Morvan’s  disease  it  is  difficult  to  say,  ow- 
ing to  the  natural  rarity  of  the  affection.  It  probably 
has  about  as  much  etiologic  value,  however,  as  that  other 
frequently  alleged  causative  agent  in  nervous  diseases — 
exposure  to  cold  and  wet. 

In  Morvan’s  disease  the  symptoms  begin  as  a rule  in 
the  upper  extremities.  Of  these  the  most  striking  are 
the  whitlows,  which  are  usually,  though  not  invariably, 
painless,  owing  to  the  loss  of  all  forms  of  sensation  pre- 
ceding them.  With  the  whitlows  there  may  be  recurring 
ulcerations  on  various  parts  of  the  fingers.  These  ulcers 
are  deep  and  not  unlike  the  perforating  variety  observed 
in  tabes.  They  are  accompanied  by  cracks  in  the  skin, 
and  the  nails  shrivel  and  split.  Although  (he  occurrence 
of  the  whitlows  is  the  striking  feature  of  the  disease,  it  is 
not  the  most  important  or  serious.  As  has  been  said, 
they  occur  as  a rule  subsequently  to  the  abolition  of  all 
forms  of  sensation,  but  they  have  important  precursors 
in  the  form  of  muscular  weakness  and  wasting  in  the 
hands  and  forearms.  Although  the  trophic  mischief  is 
practically  limited  to  the  hands,  and  the  muscular  wast- 
ing does  not  go  above  the  forearms,  the  sensory  loss  may 
involve  the  entire  arms,  parts  of  the  trunk,  and  even  the 
face.  Sufficient  vaso-motor  derangement  to  cause  livid- 
ity  and  pallor  of  the  skin  often  precedes  and  accompanies 
the  nutritional  disturbance.  An  affection  of  the  shoulder- 
joint  has  been  noted.  When  the  ulcerations  of  the  fin- 
gers involve  the  terminal  phalanges,  the  latter  may  be 
entirely  destroyed.  The  electrical  irritability  of  the 
nerves  involved  in  the  affected  parts  pursues  variations, 
as  the  disease  progresses,  similar  to  those  observed  in  the 
progressive  atrophies  of  spinal  origin,  a gradually  in 
creasing  quantitative  loss,  followed  by  inversion  of  the 
formula.  The  feet  are  rarely  the  seat  of  the  painless  ul- 
ceration; although  the  legs  may  be  weak  and  the  knee 
jerks  exaggerated,  owing  probably  to  the  partial  impli- 
cation of  the  nutritional  arteries  of  the  lateral  columns 
in  the  overgrowth  of  tissue.  The  course  of  the  disease 
is  extremely  slow,  extending  over  many  years.  In  cer- 
tain  cases  it  has  appeared  to  be  arrested. 

In  the  matter  of  differential  diagnosis  there  arc  no  par- 
ticular difficulties  except  in  regard  to  syringomyelia. 
Here,  in  the  opinion  of  the  writer,  there  is  no  absolute 
distinction.  For  certain  authorities  the  retention  of  tac- 
tile sensibility  and  the  absence  of  the  whitlows  are  suffi 
cienttorule  out  Morvan’s  disease  in  a doubtful  case.  In 
Raynaud’s  disease  the  vaso-motor  disturbance  is  para- 
mount and  the  loss,  of  sensibility,  when  it  exists,  is  not 
alike  in  kind  or  degree.  In  sclerodactyla  there  are  no  sen- 
sory loss  and  no  tendency  to  destructive  ulceration  of 
the  finger  ends.  In  anaesthetic  leprosy  there  are  no  ul- 
cerations whatever,  while  there  is  a tendency  to  pigmen- 
tary deposit  in  the  skin  areas  involved. 

Owing  to  the  nature  of  the  malady,  the  question  of 
treatment  is  easily  settled.  No  drugs  are  specifically  in- 
dicated. Even  symptomatic  treatment  is  of  little  impor- 
tance because  of  the  practically  painless  course  which 
the  disease  pursues.  Iron,  arsenic,  and  strychnine  are 
among  the  drugs  used,  but  it  is  more  than  doubtful  if 
they  have  exerted  other  than  a general  effect. 

Joseph  William  Courtney. 
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Magnesium  sulphate  (forty 
grains  per  gallon). 
Potassium  (trace). 


Mosq  uitoes. 
Mosquitoes. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


MOSQUITOES  IN  RELATION  TO  HUMAN  PATH- 
OLOGY.—The  special  importance  of  the  mosquito  as  an 
agent  in  the  transmission  of  disease  has  been  thoroughly 
demonstrated  by  recent  discoveries,  a brief  synopsis  of 
which  may  be  given  as  an  introduction  to  the  subject. 

History. — In  1880  Manson,  by  establishing  the  con- 
nection of  mosquitoes  with  elephantiasis,  gave  the  first 
demonstration  of  their  culpability  in  spreading  disease. 
It  was  the  same  year  (1880)  that  Laveran  discovered  the 
intraglobular  parasites  now  universally  acknowledged  as 
the  cause  of  malaria.  The  transference  of  these  lia?ma- 
tozoa  from  one  host  to  another  by  means  of  mosquitoes 
was  conjectured  as  early  as  1883  by  King  and  in  the  fol- 
lowing year  by  Koch  and  Laveran  ; but  was  first  actually 
demonstrated  by  Ross,  in  a series  of  experiments  be- 
tween 1895  and  1899;  these  facts  have  been  abundantly 
confirmed  by  many  subsequent  investigators.  In  1897 
MacCallum  first  observed  the  sexual  phase  in  the  allied 
avian  lisematozoa,  and  the  further  elucidation  of  the  life 
history  of  the  parasite  was  brought  about  by  contribu- 
tions of  Ross,  Bastianelli,  Bignami,  Grassi,  and  others, 
while  unimpeachable  evidence  of  the  agency  of  the  mos- 
quito in  carrying  the  disease  was  furnished  by  the 
positive  infection  experiments  of  Manson,  who  imported 


from  Rome  tertian  infected  Anopheles,  which  evoked  the 
disease  in  those  whom  they  were  permitted  to  bite  in 
London. 

The  connection  of  the  mosquito  with  yellow  fever, 
conjectured  by  Finlay  of  Havana  as  early  as  1881,  waited 
until  1900  for  its  experimental  demonstration  in  the  in- 
vestigations of  the  Yellow  Fever  Commission,  consisting 
of  Drs.  Reed,  Carroll,  Lazear,  and  Agramonte,  in  the 
course  of  which  two  members  of  the  Commission  ac- 
quired the  disease  and  one,  Dr.  Lazear,  succumbed  to  it. 

Kinds  of  Mosquitoes.—  It  is  necessary  now  to  consider 
the  various  types  of  mosquitoes  before  taking  up  more 
specifically  their  relations  to  disease.  In  all  about  three 
hundred  species  of  mosquitoes  have  been  described,  of 
which  only  thirty-six  species  have  been  recorded  in 
North  America.  Of  these  five  belong  to  the  genus  Anoph- 
eles, three  lo  Stegomyia,  and  no  less  than  eighteen  to 
Ciilex.  It  would  be  impossible  within  the  limits  of  an 
article  even  to  outline  the  complete  classification  of  the 
group,  but  some  of  the  most  important  facts  may  be 
stated  briefly.  The  order  and  family  have  been  suffi- 
ciently characterized  by  Professor  Osborn  (see  Insects). 
It  is  extremely  uniform  in  character,  and  only  recently 
has  Theobald  found  a basis  for  subdivision  in  the  form 
and  arrangement  of  the  scales  on  the  body  and  wings. 
His  classification  with  some  additions  suggested  by  Giles 
is  followed  here.  The  sub-families  are  distinguished  as 
follows : 

Section  A.  Proboscis  formed  for  piercing. 

I.  Brilliantly  colored  insects  with  a very  long,  curved 
proboscis. 

(a)  Palpi,  about  as  long  as  the  proboscis  in  both  sexes 


(Mega china) ; or  long  in  male,  shorter  in  female  (To.ro- 
rhynchites).  Megarhinina. 

II.  Dull-tinted  insects  with  straight  proboscis. 

(h)  Palpi  about  as  long  as  the  proboscis  in  both  sexes: 
those  of  the  male  clubbed  at  the  end,  those  of  the  female 
linear.  Anophelina. 

( c ) Palpi  about  the  length  of  the  proboscis  in  the  male 

but  much  shorter  in  the  female,  being  here  usually  very 
short.  Culicina. 

(d)  Palpi  very  short  in  both  sexes.  JEdornina. 

Section  B.  Mouth  parts  not  formed  for  piercing,  there 

being  no  true  proboscis.  Palpi  small.  Corethrina. 

For  the  determination  of  the  genera  the  form  and  ar- 
rangement of  the  scales,  which  are  all-important,  are  shown 
diagrammatically  in  the  figure  (Fig.  3363).  So  far  as  the 
species  are  concerned,  it  is  impracticable  to  make  more 
than  a preliminary  determination  without  referring  to  a 
monograph,  and  there  will  be  mentioned  only  a few  of  the 
more  important  forms,  in  those  genera  which  are  now- 
known  to  be  responsible  for  the  transmission  of  disease. 
A few  hints  as  to  methods  of  collecting  and  examining 
will  doubtless  be  useful  to  the  practitioner.  The  adult 
mosquitoes  are  very  delicate,  so  that  the  parts  are  easily 
broken  and  the  arrangement  of  the  scales  easily  obscured 
by  rough  handling.  The  female 
may  be  readily  caught  on  the 
hand  or  arm  when  biting,  or  even 
on  the  wall  of  a room,  by  invert- 
ing an  ordinary  vial  over  it;  once 
trapped  a whiff  of  tobacco  smoke 
or  a drop  of  chloroform  will  kill  it 
immediately  and  leave  the  speci- 
men in  good  condition  for  exami- 
nation or  transportation  on  cot- 
ton in  a pill  box.  A good  killing 
vial  may  be  made  by  confining  a 
small  piece  of  cyanide  of  potas- 
sium at  the  bottom  of  a shell  vial 
by  a disc  of  blotting  paper  cut  to 
fit  the  vial.  After  it  has  been 
inverted  over  the  mosquito,  the 
cork  may  be  slipped  into  the 
mouth  of  the  vial  and  the  insect 
succumbs  almost  instantly  and 
without  damage.  Mosquitoes 
may  be  mounted  dry  on  pieces 
of  thin  card  or  cork,  but  should  not  be  enclosed  in  bal- 
sam as  this  destroys  colors  and  renders  identification 
difficult.  Most  of  the  characters  can  be  determined 
with  a triplet;  all  with  the  low  power  of  a compound 
microscope. 

For  collecting  larva?,  which  are  often  difficult  to  dis- 
tinguish against  the  dark  background  in  a pool,  a white 
cup  is  useful ; or  a coffee  strainer  may  be  drawn  through 
the  vegetation  at  the  margin  of  a pond  or  stream-  and  the 
material  obtained  may  be  examined  more  carefully  in  a 
cup  of  water  or  on  a w-hite  plate.  Larva?  may  be  bred 
in  jars,  which  should  be  covered  with  mosquito  netting 
to  prevent  the  escape  of  the  adults  when  they  emerge, 
while  the  latter  may  be  kept  in  frames  of  netting,  but 
should  be  provided  with  a little  water  and  pieces  of 
banana  or  dates  on  which  they  feed.  If  desired  larva' 
may  also  be  preserved  in  dilute  formalin  or  in  alcohol. 
Further  data  may  be  found  in  any  of  the  manuals 
cited. 

Anopheles  Meigen  (1818). 

Head  with  both  flat  and  narrow  curved  scales,  but 
mainly  covered  with  large  upright  forked  scales;  palpi 
long  in  both  sexes,  usually  about  the  length  of  the  pro- 
boscis, four-jointed  in  the  female,  three-jointed  in  the 
male,  in  which  the  last  two  joints  are  short  and  thick; 
constrictions  at  the  base  make  the  palpi  possess  appar- 
ently one  or  two  extra  joints  in  each  sex.  Antennre, 
fourteen-jointed,  filiform,  pilose  in  the  female,  fifteen- 
jointed  and  plumose  in  the  male. 

Thorax  sometimes  nude  on  the  dorsum,  usually  with 
narrow  curved  or  small  spindle-shaped  flat  scales.  Ab- 
domen generally  pilose,  but  sometimes  with  a few  scales 


Form  and  arrangement  of  the  scales  of  die  nape  in 
Anonhelss.  Meaarhina.  Culex.  Steaomyia  arul  JZdes. 


Fig.  33(33.— Graphic  Key  to  Scale  Arrangement  of  Leading  Genera.  (After  Giles.) 
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and  rarely  with  many.  Wings  covered  with  small  scales 
of  normal  form  or  inflated,  with  the  first  submarginal  cell 
longer  and  narrower  than  the  second  posterior  cell;  both 


Fig.  3364.—  Anopheles  maculipennis  Meig.  Male  at  left,  female  at 

United  States  Dep.  Ag.) 

the  second  and  third  long  veins  run  past  the  cross  veins 
into  the  basal  cells,  a very  marked  characteristic. 

The  etiological  importance  of  this  genus  has  been  tlior- 
©ughly  demonstrated  in  its  transmission  of  malaria,  and  it 
has  also  been  shown  to  be  instrumental  in  transmitting 
Mliariasis.  As  a genus  it  is  widely  distributed,  with  the 
exception  of  the  higher  latitudes.  Nuttall  has  shown 
that  in  England  this  distribution  compares  exactly  with 
the  old  limits  of  ague,  but  the  genus  also  occurs  in  dis- 
tricts where  no  ague  is  known  to  have  existed.  It  does 
not  follow  that  because  Anopheles  are  found,  malaria  is 
present;  but  wherever  the  latter  occurs,  the  presence 
of  Anopheles  in  considerable  numbers  has  been  demon- 
strated. Anopheles  is  moreover  accustomed  to  fly  and 
to  bite  only  after  sunset,  so  that  by  keeping  within  well- 
screened  houses  after  that  hour  malaria  is  avoided  even 
in  the  worst  infected  localities.  The  bite  of  this  genus 
is  believed  to  be  less  irritating  than  that  of  other  mos- 
quitoes and  from  its  habits  of  lurking  near  the  ground  it 
is  less  likely  to  be  discovered.  Its  hum  is  said  to  be  less 
distinct  than  that  of  Culex  and  of  a lower  pitch.  The 
adults  hibernate  in  woods,  and  the  larvae  may  be  found 
both  in  fresh  and  in  salt  water,  even  after  frost  has  oc- 
curred. 

Anopheles  punctipennis  Say.  Wings  with  the  costa 
black,  interrupted  by  a single  large  ferruginous  spot  a 
little  outside  the  transverse  veins,  with  also  a smaller 
apical  spot  and  some  yellow  spots  near  the  tips  of  the 
long  veins.  Legs  and  tarsi  nearly  uniformly  black. 
Thorax  and  abdomen  deep  brown,  nude  except  for  some 
yellowish-brown  hairs;  wings  much  longer  than  abdo- 
men; head  black  with  a scanty  whitish  frontal  tuft,  pal- 
pi and  proboscis  dark  yellowish-brown  unhanded,  but 
rather  lighter  at  the  tips,  length  5 to  7 mm. 

This  species  is  very  widely  distributed  over  our  conti- 
nent and  is  said  to  be  called  the  “winter  mosquito,”  hav- 
ing been  taken  when  the  temperature  was  only  6°  F. 


Anopheles  maculipennis  Meigen  (1818)  (Fig.  3804). 
Wings  with  four  tufted  spots  on  the  wing  field,  the  costa 
being  uniformly  dark  except  at  the  apex,  where  its  color 
fades  to  form  a fairly  distinct 
spot;  tarsi  unhanded  but  with 
an  apical  yellow  spot  at  the 
first  joints.  Thorax  with  four 
broad  ferruginous  stripes 
formed  of  golden  hairs  with 
the  darker  ground  color  left 
bare  between  and  a tuft  of 
large  golden  scales  on  the  an- 
terior border.  Abdominal  seg 
ments  brown  with  yellowish 
basal  markings.  Anterior  fe- 
mora not  thickened  at  the  base. 
In  the  female  the  head  with 
two  patches  of  creamy  scales 
divided  by  a central  line, 
otherwise  with  black  scales; 
a small  tuft  of  white  hairs  in 
front  and  the  borders  of  the 
eyes  white.  Male  with  an- 
tennas banded,  proboscis  black, 
palpi  dark  brown.  Length  of 
male  4 to  7.5  mm.,  of  the  fe- 
male 8 to  10  mm. 

To  illustrate  the  great  vari- 
ation of  this  species  in  size, 
Giles  has  drawn  the  wing  of  an 
Italian  specimen  over  the  wing 
outline  of  a Canadian  speci- 
men from  the  British  Museum 
in  a figure  which  is  here  re- 
produced (Fig.  3365). 

The  sub-family  of  the  Culi- 
cina  is  the  largest  among  the 
mosquitoes,  and  its  type  genus 
Culex  includes  more  than  one 
hundred  and  fifty  species.  In 
addition  to  the  characteristics 
mentioned  in  the  synopsis  above  it  may  be  noted  that 
the  anterior  fork  cell  is  at  least  as  long  as  the  hind  one. 
Of  the  dozen  genera  only  two  are  noted. 

Stegomyia  Theobald  1901.  Palpi  short,  four-jointed  in 
the  female;  long,  five-jointed  in  the  male.  Head  clothed 
completely  with  an  armour  of  broad,  flat  scales;  meso- 
tliorax  covered  with  either  narrow  curved  or  spindle 
shaped  scales.  Scutellum  always  with  broad  flat  scales 
on  the  middle  lobe  and  usually  also  on  the  lateral  lobes; 
abdomen  completely  covered  witn  flat  scales,  banded  or 
unbanded,  but  always  with  white  lateral  spots.  The 
female  palpi  are  small,  never  more  than  one-third  the 
length  of  the  proboscis;  those  of  the  male  are  as  long  as, 
or  longer  than,  the  proboscis.  Wings  of  similar  venation 
to  those  of  Culex,  but  the  fork  cells  are  short.  With 
hardly  an  exception  they  are  colored  jet  black  contrasted 
with  pure  white  in  bauds  and  stripes  on  the  legs  and 
thorax,  which  is  often  elaborately  adorned:  in  all  black 
predominates,  and  they  have  a characteristic  smooth 
satin-like  appearance. 

As  these  mosquitoes  are  rarely  found  north  of  40 
North  latitude,  they  are  characteristically  tropical  and 


Fig.  3365.— Wing  of  Anopheles  maculipennis.  Outer  outline  to 
show  size  variation.  (After  (iiles.) 

subtropical  forms.  They  are  said  to  be  good  sailors 
and  as  a result  S.  fasciata  belts  the  world  with  its 
colonies,  being  the  most  widely  distributed  of  all  mos- 
quitoes. 
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The  description  of  this  cosmopolitan  species  is  as  fol- 
lows : 

Stegomyia  fasciata  (Fabr.).  Wings  (Fig.  3366)  densely 
clothed  with  very  long  black  scales  of  three  lengths. 
Last  hind  tarsal  joints  and  all  but  the  apex  of  the  next 
snowy;  all  the  other  joints  of  the  hind, 
the  upper  three  of  the  mid,  and  the 
upper  two  of  the  fore  legs 
of  the  otherwise  black  tarsi 
basally  white  banded.  Tho- 
rax from  a velvet}'  black 
with  reddish  reflections  to  ' 
a golden  brown  in  some 
specimens,  elaborately 
marked  with  rather  broad 
silvery  lines  arranged  in 
the  form  of  a lyre  (Fig.- 
3367).  First  abdominal  seg- 
ment creamy  white,  the 
others  black  with  narrow 
basal  bands  and  brilliant  fig.  3367. 
lateral  tufts  of  snowy 
white.  Proboscis  unhanded,  black.  Head  black  with 
narrow  white  orbits  and  two  faint  patches  of  white  on 
the  occiput  divided  by  delicate  median  and  lateral  black 
lines.  Of  moderate  size,  often  very  small,  some  even 
with  wing  length  not  exceeding  2 mm.  In  some  places 
a pure  rainy  weather  species. 

The  extreme  variation  in  size  and  color  markings  has 
led  to  the  frequent  redescription  of  this  form  as  a dis- 
tinct species.  Giles  says  that  specimens  hatched  from 
the  same  tank  vary  so  very  widely  as  to  render  varietal 
limits  decidedly  uncertain.  In  the  United  States  it  is 
common  throughout  all  the  Southern  States,  having  been 
found  about  as  far  north  as  Norfolk,  Virginia,  while  its 
previous  or  occasional  range  as  far  as  Philadelphia,  New 
York,  and  Providence  is  clearly  indicated  in  the  epi- 
demics of  yellow  fever  at  those  places  about  the  begin- 
ning of  the  last  century.  It  is  said  to  be  troublesome  in 
the  early  afternoon  and  again  at  night,  in  contradistinc- 
tion to  the  majority  of  mosquitoes,  which  are  twilight 
flyers.  It  certainly  is  a hardy  species,  and  individuals 
infected  with  yellow  fever  have  been  kept  alive  seventy- 
one  days,  thus  showing  how  contagion  of  yellow  fever 
may  cling  to  a building  which  has  been  vacated  more 
than  two  months.  According  to  Gorgas  it  breeds  prin- 
cipally in  yards  in  more  thickly  settled  parts  of  the  city, 
in  all  fresh- water  collections, ' such  as  rain-water  barrels. 

Gulex  Linmeus.  Palpi  short,  three-  or  four- jointed  in 
the  female,  with  the  last  joint  usually  large;  long,  three- 
jointed  in  the  male  with  the  last  two  joints  swollen  much 
as  in  Anopheles,  or  narrower  with  the  last  pointed.  An- 
tennas fourteen -jointed;  pilose  in  the  fe- 
male. plumose  in  the  male,  where  the  last 
two  joints  are  long  and  thin.  Head  with 
narrow  curved  scales  over  the  occiput  and 
upright  forked  scales  thick  on  the  back  of 
the  head,  with  flat  scales  on  the  sides. 

Thorax  with  narrow,  curved,  hair-like  or 
spindle-shaped  scales.  Scutellum  with  nar- 
row curved  or  spindle-shaped  scales  only. 

Abdomen  with  flat  scales.  Wings  (Fig. 

3368)  with  small  median  scales  on  the  veins 
and  more  or  less  thin  linear  lateral  ones  on 
some  or  all  of  the  veins.  In  the  wings  the 
first  submarginal  cell  is  longer  and  nar- 
rower than  the  second  posterior  cell,  and 
the  posterior  cross  vein  is  always  nearer  the 
base  of  the  wing  than  the  mid-cross  vein. 

The  extreme  number  of  species  included 
within  this  genus  makes  it  difficult  to  find 
one’s  way  even  with  the  aid  of  a mono- 
graph. Here  only  a few  of  the  most  characteristic  forms 
may  be  briefly  mentioned.  So  far  as  is  known  Gulex 
is  responsible  for  the  transmission  to  mad  of  filarial 
disease  only,  although  avian  malaria  is  certainly  trans- 
mitted by  members  of  this  genus.  Experiments  have 
shown  that  it  is  not  concerned  in  the  transmission  of 


human  malaria.  The  salt-water  or  ring-legged  mos- 
quito of  the  Atlantic  coast,  Gulex  solicitans,  is  a small 
gray  mosquito  with  the  legs  banded  in  black  and  white. 
It  breeds  abundantly  in  the  brackish  swamps  of  the  east- 
ern coast  from  Florida  to  Maine.  The  larvae  may  be 
found  where  the  w7ater  carries  one-fourth  more  salt  than 
the  sea,  but  it  will  not  breed  in  fresh  water.  According 
to  Smith  it  swarms  twenty  miles  inland  and  is  found  oc- 
casionally as  far  as  forty  miles  from  its  breeding  place. 

Gulex  pungens  (Fig.  3369)  is  one  of  the  most  abundant 
and  widely  distributed  species  in  the  United  States.  It 
breeds  in  fresh  water  exclusively,  and  its  larvae  are  com- 
mon in  water  barrels,  cisterns,  hollows  in  trees,  and 
stumps,  in  city  gutters  as  well  as  in  transient  pools,  and 
in  fresli-water  swamps.  In  Havana,  Gorgas  found  it 
breeding  abundantly  in  cesspools  and  drains.  Its  life 
cycle  occupies  in  summer  a minimum  of  ten  days,  but 
its  larvae  may  live  over  winter,  and  adults  have  been 
reared  from  such  larvae  found  frozen  in  the  ice.  Further 
details  regarding  the  genus  and  some  other  species  of 
Gulex  may  be  found  under  Insects. 

Structure  and  Habits. — Mention  should  be  made  of  such 
structural  features  and  such  habits  as  are  of  special 
importance  in  the  transmission  of  disease.  The  highly 
modified  mouth  parts  of  the  mosquito  are  arranged  for 
piercing  and  sucking.  They  consist  of  the  upper  lip  or 
labrum  {a,  Fig.  3370)  in  the  form  of  a long  narrow  spine, 
grooved  ventrally  and  terminating  in  a sharp  point,  the 
still  more  slender  lancet-like  mandibles  ( b ) and  maxilla? 
(w)  which  lie  one  of  each  on  either  side  of  the  hypo- 
pharynx  (k),  the  latter  having  the  form  of  a delicate 
blade  through  the  central  thickening  of  which  runs  a 
minute  canal,  and  finally  the  lower  lip  or  labium  (<•) 
which  is  merely  a sheath  for  the  other  parts.  Giles 
gives  a most  vivid  description  of  these  structures  as  fol- 
lows; “Imagine  a surgeon’s  ‘ director, ’ with  a piece  of 
thin  drainage  tube  carried  against  its  groove,  and  with 
four  slender  bistouries  grouped  round  it,  and  you  will 
have  a fair  working  model  of  the  malaria-inoculating  ap- 
paratus of  the  mosquito.”  The  upper  lip  bears  at  its 
base  a bulb  in  which  are  muscle  fibres  serving  as  exten- 
sors and  retractors.  Its  groove  forms  somewhat  more 
than  a semicircle,  and  is  converted  into  a complete  canal 
by  the  flattened  liypopharynx  lying  just  below;  it  is 
through  this  canal  that  blood  flows  into  the  mouth  cav- 
ity. The  delicate  tube  noted  above,  as  piercing  the 
liypopharynx,  is  the  continuation  of  the  salivary  duct 
and  through  it  the  salivary  secretion,  with  the  “sickle 
spores”  or  sporozoites  of  the  malarial  parasites,  is  in- 
jected into  the  vertebrate  host,  while  at  the  same  time 
the  blood  of  this  host  is  flowing  back  through  the  labrum 
into  the  digestive  cavity  of  the  mosquito.  In  biting,  the 
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mandibles  and  maxillse  appear  to  cut  a passage  through 
the  skin  by  the  thrust  of  the  head  and  the  labrum  is 
forced  into  the  opening  thus  made,  while  the  flexible 
labium  holds  together  and  directs  the  other  parts,  its  stem 
being  looped  down  out  of  the  way  as  the  latter  proceeds 
deeper  and  deeper  into  the  skin. 


Fig.  3366.  — Ste- 
gomyia fasciata. 
(After  Giles.) 


Fig.  3368.— Wing  of  Oulcx  eoncdlor  (male)  to  illustrate  Terminology,  c,  Costa ; a, 
auxiliary  vein ; 1-6,  first  to  sixth  longitudinal  veins  and  branches : 7,  seventh  or 
false  (unsealed)  longitudinal  vein ; VI,  unsealed  vein  between  fifth  and  sixth 
longitudinal  veins ; h,  humeral  transverse  vein ; s , supernumerary  transverse  vein  ; 
m,  middle  transverse  vein;  p,  posterior  transverse  vein;  A,  costal  cells;  B,  sub- 
costal cells ; C,  marginal  cell ; D,  anterior  fork  cell  or  first  submarginal  cell ; E, 
second  submarginal  cell ; F,  first  posterior  cell ; G,  hinder  fork  or  second  pos- 
terior cell ; H,  third  posterior  cell ; I,  first  basal  cell ; J,  second  basal  cell : K, 
anal  cell ; L,  axillary  cell ; M,  spurius  cell. 
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The  course  taken  by  the  spores  of  the  malarial  parasite 
in  reaching  the  new  host  can  be  reasonably  set  down 
about  as  outlined  above;  with  the  embryonic  filariae, 


Fig.  3369. — Culex  pungens.  Female  above,  male  below.  Enlarged. 
(After  Howard,  Bull.  United  States  Dep.  Ag.) 


however,  the  case  is  different  and  much  less  satisfac- 
torily explained.  These  worms  are  known  to  bore  their 
way  out  from  the  stomach  of  the  mosquito  into  the  mus- 
cles and  thence  through  the  connective  tissue  and  lymph 
spaces  through  which  they  penetrate,  even  into  the  labium 
which  possesses  a considerable  amount  of  suitable  tissue. 
Here,  in  the  opinion  of  Grassi,  they  produce  swelling,  and 
when  the  organ  is  sharply  bent  in  biting  the  delicate  cov- 
ering is  ruptured  and  the  worms  are  set  free,  to  find  their 
way  along  the  mouth  parts  and  into  the  tissues  of  the 
new  host.  Bancroft  maintains  that  the  embryos  of  Filaria 
imrriitis  always  escape  at  the  extreme  tip  of  the  labium 
as  if  a natural  orifice  existed  there.  On  the  other  hand, 
the  investigations  of  Kellogg  in  Samoa  seem  to  show 
that  the  embryos  of  Filaria  Bancrofti  {—  F.  sanguinis 
hominis)  are  liberated  from  mosquitoes  which  die  and  fall 
into  pools  of  water,  and  are  taken  up  by  the  natives  in 
drinking  from  these  pools. 

The  organism  which  produces  yellow  fever  has  not  yet 
been  discovered,  and  all  statements  regarding  the  precise 
mode  of  introduction  into  man  by  the  mosquito  are 
purely  conjecture.  The  interval  of  twelve  days  or  more 
which,  according  to  the  investigations  of  the  Yellow 
Fever  Commission,  must  intervene  after  contamination 
before  the  mosquito  can  carry  the  infection,  shows 
clearly  that  the  organism  of  the  disease  is  not  merely  ad- 
herent to  the  mouth  parts  of  the  insect  but  enters  its 
body  and  undergoes  some  part  of  its  life  history  within 
the  tissues,  at  the  termination  of  which  only  is  it  in  con- 
dition for  transference  to  a new  human  host.  In  many 
ways  it  recalls  the  case  of  malarial  parasites  and  a simi- 
lar method  of  transference  appears  probable. 

In  other  cases  in  which  the  mosquito  acts  as  a supposed 
transmitter  of  diseased  germs,  the  occurrence  is  more 


probably  only  a passive  carrying,  from  one  human  host 
to  another,  of  the  germs  which  chance  to  adhere  to  the 
mouth  parts.  The  case  cited  by  Giles  and  mentioned 
more  in  detail  below  seems  to  fall  into  this  class. 

Though  some  species  are  active  and  annoying  during 
the  day,  adult  mosquitoes  arc  generally  nocturnal  or  twi- 
light flyers,  shunning  the  direct  rays  of  the  sun.  which 
they  cannot  endure  even  fora  short  period.  They  hibcr 
nate  in  warm,  dark  places,  and  may  be  found  in  barns, 
cellars,  and  other  out-of-the-way  spots  during  the  winter. 
During  cool  dayrs  in  summer  they  do  not  feed,  and  their 
abundance  and  virulence  are  clearly  related  to  rainfall 
and  temperature.  The  natural  food  of  all  species  is 
probably  plant  juices,  and  the  male  with  rare  exceptions 
does  not  go  beyond  this.  For  experimental  purposes  ba- 
nana or  dates  constitute  the  most  acceptable  food  articles. 
Even  to  the  female,  however,  a meal  of  blood  does  not 
seem  to  be  essential  to  reproduction  in  spite  of  the  efforts 
made  to  obtain  it.  It  was  formerly  believed  that  a fe- 
male mosquito,  after  having  had  a single  meal  of  blood, 
laid  her  eggs  and  then  died.  Several  investigators  have 
recently  found  that  she  may  survive  and  bite  again  either 
before  or  after  oviposition.  It  is  this  occurrence  which 
inoculates  man  with  malaria  or  yellow  fever  germs  or 
filariae. 

When  resting  all  mosquitoes  support  themselves  on 
four  legs,  the  last  two  being  held  waving  in  the  air;  but 
the  posture  of  the  body  is  sufficiently  different  to  distin- 
guish most  forms  of  the  two  common  genera.  Culex 
stands  with  a noticeable  hump,  the  head  and  mouth 
parts  forming  a decided  angle  with  the  thorax  and  abdo- 
men, which  moreover  droops,  while  in  Anopheles  these 
regions  form  a single  straight  line  which  is  oblique  or 
even  vertical  to  the  surface  on  which  the  mosquito  is 
resting.  So  far  as  known,  this  characteristic  attitude  has 
but  a single  exception  ( Anopheles  culicifacies  Giles),  a spe- 
cies foreign  to  this  continent. 

Life  History. — The  female  mosquitoes  always  deposit 
their  eggs  in  water,  and  while  the  precise  environment 
selected  by  each  species  is  usually  characteristic,  the  gen- 
eral statements  made  regarding  different  genera  are  often 
misleading.  On  the  other  hand,  eggs  and  larvae  can  be 
found  and  distinguished  with  ease.  The  eggs  of  Culex 
are  deposited  in  an  elongated  boat-shaped  mass  (1,  Fig. 
3371)  about  the  size  and  color  of  a caraway  seed.  These 
masses  float  on  the  surface  until  the  embryos  are  hatched. 
Anopheles’  eggs  are  deposited  singly  or  in  irregular  de- 
tached groups,  and  each  is  provided  with  a floating  or- 
gan (7,  8,  9,  Fjg.  3371)  of  air  chambers  to  keep  it  at  the 
surface.  The  eggs  of  Btegomyia  (6,  Fig.  3371)  are  also 
deposited  singly  and  provided  with  a floating  organ. 

According  to  Carroll,  Agramonte,  and  Lazear,  they 
may  be  held  dry  for  a mouth  and  yet  develop  when 
brought  into  water  again. 

The  larvae  of  all  mosquitoes,  familiarly  known  as 
“wrigglers,”  float  at  the  surface  for  respiratory  purposes. 


Fig.  3370.— Mouth  Parts  of  Female  Mosquito,  diagrammatic,  u,  l.a- 
brum  : h,  mandible ; c,  labium  ; /.,  hypopbarynx  : w,  maxilla  : .r, 
maxillaiy  palp ; •}/,  basal  joint  of  maxilla.  (Paired  organs  repre- 
sented by  left  member  only.)  (After  Giles.) 

and  if  they  leave  this  position  it  is  only  for  a short  time. 
Those  of  Culex  possess  a very  large  head,  a long  respi- 
ratory siphon,  and  hang  head  downward  at  a considerable 
angle  with  the  surface  (Fig.  3372).  Stegomyia  larva1  as 
sume  nearly  the  same  position,  though  somewhat  more 
nearly  transverse  since  the  respiratory  tube  is  shorter. 
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Tlie  position  assumed  by  Anopheles  larvae,  however,  is 
strikingly  horizontal  (Fig.  3373)  and  close  to  the  surface. 
These  larvae  have  a small  head,  no  siphon,  and  the  respi- 
ratory orifices  are  almost  level  with  the  back.  The  head, 


which  is  held  barely  below  the  surface,  has  been  turned 
on  the  neck  through  a half-circle  so  that  its  lower  aspect 
looks  upward  as  it  feeds  on  the  floating  debris.  The  pupae 
(Fig.  3374,  A and  B)  are  also  different  for  the  different 
genera.  In  all,  however,  they  float  at  the  surface,  taking- 
no  food  but  obtaining  air  through  a curious  auriculate  re- 
spiratory siphon.  Until  ready  for  the  emergence  of  the 
perfect  insect,  which  occurs  through  the  back  of  the  pu- 
pal thorax : the  pupal  skia  floats  at  the  surface  as  a rest 
for  the  adult  before  the  latter  starts  on  its  initial  flight. 
The  process  of  breeding  is  retarded  by  colder  weather, 
and  the  larvae  may  even  be  frozen  in  masses  of  ice,  and 
yet  after  thawing  out  regain  their  activity.  Many, 
doubtless,  regularly  pass  the  winter  in  this  way  in  higher 
latitudes. 

Diseases  Transmitted  by  Mosquitoes. — There  no  longer 
exists  a reasonable  doubt  that  malarial  disease  is  trans- 
mitted by  the  agency  of  mosquitoes.  The  painstaking 
elucidation  of  the  life  cycle  of  the  hasmatozoa  of  malaria 
has  demonstrated  the  existence  of  a sexual  phase  in  tin 
life  history  which  takes  place  in  the  body  of  the  mosquito 
and  alternates  with  asexual  generation  found  in  human 
blood.  (For  further  detail  on  the  life  history  of  this  organ- 
ism and  its  relation  to  the  disease  see  article  on  Plasmo- 
dium malaria).  W hen  Manson  had  a number  of  Anopheles , 
which  had  bitten  a patient  suffering  from  tertian  ague  in 
Italy,  brought  to  England  and  there  permitted  them  to 
bite  two  healthy  students,  who  at  a suitable  time  there- 
after came  down  with  malarial  fever  and  showed  the 
characteristic  parasites  of  tertian  ague  in  the  blood,  all 
objection  to  the  possibility  of  this  method  of  transmis- 
sion of  the  disease  was  eliminated.  Thus  far  no  one  has 
been  able  to  find  any  other  method  of  transference,  save 
by  operative  interference,  and  to  judge  from  the  life  his- 
tory of  other  parasites  which  manifest  alternation  of  gen- 
erations in  different  hosts  no  other  method  is  at  all 
probable,  as  Giles  has  so  forcibly  and  logically  demon- 
strated. It.  would,  however,  be  hazardous  to  maintain 
that  the  asexual  generation,  even  of  the  so-called  human 
malarial  parasites,  may  not  be  found  also  in  other  verte- 


brates. The  immediate  and  abundant  appearance  of  mal- 
aria among  travellers  in  regions  which  have  been  depopu- 
lated or  in  which  man  is  at  best  very  rare,  points  indeed 
to  the  existence  of  another  host  for  the  asexual  gen- 
eration. On  the  other  hand  the 
sexual  generation  is  known  to  in- 
habit only  mosquitoes  of  the.  genus 
Anopheles,  and  experiments  to  in- 
fect various  species  of  Culex  and  of 
other  genera  have  thus  far  proved 
futile.  All  data  thus  far  obtained 
show  not  only  that,  given  Anopheles, 
the  possibility  of  malaria  exists,  de- 
pendent to  some  extent  no  doubt 
upon  other  factors,  but  also  that 
“ no  Anopheles,  no  malaria  ” is 
equally  certain. 

The  relation  of  the  mosquito  to 
elephantiasis  (q.  v.)  and  filariasis 
(see  Netmtoda)  has  been  equally 
definitely  established.  Here  the 
mosquito  draws  the  embryo  worms, 
still  surrounded  by  a delicate  em- 
bryonic membrane,  with  the  blood 
into  its  stomach.  The  embryos 
bore  their  way  thence  into  the  mus- 
cles and  after  a brief  stay  wander 
out  into  the  labium.  As  in  malaria 
and  yellow  fever,  there  is  here  also 
a stage  of  incubation,  but  unlike 
the  former  it  is  not  a period  of  re- 
production for  the  parasites  but. 
merely  for  the  growth  of  the  larva1 
which  are  ready  to  be  transferred 
to  the  human  host  when  the  mos- 
quito has  digested  its  first  meal  and 
is  ready  for  the  second.  In  this 
case  certain  species  both  of  Culex 
and  of  Anopheles  have  been  shown  to  afford  proper  en- 
vironment for  the  development  of  the  young  worms. 

The  recent  brilliant  discoveries  of  the  Yellow  Fever 
Commission  have  demonstrated  that  the  mosquito  serves 
as  the  intermediate  host  for  the  parasite  of  yellow  fever, 
and  that  this  parasite  is  transmitted  after  an  interval  of 
approximately  twelve  days  to  non-immune  individuals 
by  a mosquito  that  has  fed  on  the  blood  of  a yellow- 
fever  patient.  It  is  the  more  striking  that  this  mode  of 
propagation  has  been  definitely  determined  since  the 
specific  cause  of  the  disease  is  as  yet  undiscovered.  The 


mosquito  responsible  for  the  transmission  of  yellow  fever 
is  Stegomyia  fasciata,  although  in  all  probability  the  cul- 
pability is  shared  by  other  species  of  the  genus,  if  not  by 
other  genera. 


Fig.  3371. — Mosquito  Eggs.  1,  Egg  mass  of  Culex  seen  from  above;  2,  same  from  the  side 
(after  Sambon)  ; 3,"separate  Culex  eggs : 4,  eggs  of  Pa  nopUtcs  (after  Daniels)  : 5,  0,  eggs 


of  Stegomyia  (after  Theobald) : 7,  group  of  Anopheles  eggs  floating  ; 8,  9,  isolated  eg 
Anopheles  maculipcmvis  to  show  floating  organ.  X 30.  (After  Nuttall.) 
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Recently  Blanchard  has  summarized  forcibly  argu- 
ments to  show  that  leprosy  also  is  transmitted  by  mos- 
quitoes. An  ailment  exclusively  human,  caused  by  a 
bacillus  which  grows  only  so  far  as  known  in  human  tis- 
sue and  which  cannot  be  transmitted  bv  mere  contact,  the 


Fig.  3373. — Anopheles  maculipennis  Meig.  Larva  showing  breath- 
ing position  at  surface  of  water.  (After  Howard,  Bull.  United 

States  Dep.  Ag.) 

intervention  of  a biting  insect  appears  indispensable  that 
the  bacilli  may  be  brought  into  a favorable  environment. 

That  the  role  is  assumed  by  the  mosquito  rests  only  on 
conjectural  and  yet  very  probable  grounds. 

It  has  also  been  conjectured  that  tubercle  bacilli  are 
transmitted  by  mosquitoes,  without  positive  evidence 
having  been  found  for  the  view.  While  such  uncon- 
firmed suppositions  must  be  regarded  with  suspicion,  it 
is  certain  that  in  some  instances  bacteria  are  transmitted 
by  mosquitoes.  This  is  clearly  shown  by  the  observa- 
tions of  Giles  on  natives  of  India  who  had  “applied  for 
treatment  on  account  of  their  faces  being  so  swollen  that 
they  could  scarcely  open  their  eyes,  and  the  fact  that  such 
cases  are  specially  apt  to  occur  among  patients  lying  in 
a surgical  ward  makes  it  probable  that  the  unusual  effect 
of  the  bites  in  such  cases  is  due  to  the  mosquitoes  having 
indulged  in  a previous  feed  from  some  wound  secretion.” 

In  this  connection  mention  should  be  made  of  the  an- 
noyance caused  by  mosquitoes,  of  the  irritation  due  to 
their  bites,  very  noticeable  in  some  persons,  and  of  the 
limitation  which  these  disturbances  put  upon  the  enjoy- 
ment and  full  utilization  of  the  opportunities  for  invigor- 
ating outdoor  existence  which  the  warmer  part  of  the 
year  affords  and  the  health  of  every  individual  demands. 
While  trivial  perhaps  in  the  individual  instance,  it 
amounts  in  sum  total  to  so  much  that  for  its  remedy 
alone  the  severest  measures  against  these  pests 
should  be  advocated.  When  the  loss  of  life  and 
economic  disturbance  produced  by  yellow  fever, 
and  the  still  more  serious  but  less  striking  since 
prolonged  effects  of  malaria  are  taken  into  con- 
sideration, abundant  reason  exists  for  the  imme- 
diate action  of  civilized  communities  to  abate 
the  mosquito  nuisance.  It  must  also  be  borne 
in  mind  that  the  casual  introduction  of  a case  of 
malaria,  yellow  fever,  or  elephantiasis  into  an 
otherwise  healthy  region  gives  conditions  which 
may  lead  to  the  spread  of  the  malady,  if  the 
place  happens  to  be  infested  with  the  proper 
mosq  uito. 

Dispersal  of  Mosquitoes. — The  agency  of  mos- 
quitoes in  transmitting  disease  necessitates  a 
consideration  of  the  means  which  bring  about 
the  dispersal  of  the  insects.  In  general,  mos- 
quitoes are  home  bred;  and  while  this  is  true  of 
Culex  it  is  even  more  characteristic  of  Anopheles. 

Ross  was  able  to  find  no  case  in  which  the  dis- 
tance from  the  infected  house  to  the  breeding-ground  of 
this  species  was  greater  than  one  hundred  and  fifty  yards. 
Stegomyia  is  said  by  Gorgas  to  be  a very  domestic  mos- 
quito, seldom  leaving  the  immediate  neighborhood  of 
the  place  of  its  birth.  The  cause  of  a mosquito  plague 
is  then  strictly  local,  although  Smith  thinks  that  swarms 


of  the  salt-water  mosquito,  Culex  solid  tuns,  may  be  car- 
ried twenty  or  even  forty  miles  by  a favorable  wind.  In 
most  cases,  however,  it  is  clear  that  natural  agents  do 
not  disperse  them  so  widely.  Howard  has  given  numer- 
ous cases  of  their  introduction  into  new  regions  by 
railway  trains,  and  Grassi  furnishes  equally  good  evi- 
dence of  their  transportation  by  stage  coaches. 

Some  observations  have  been  made  on  the  role  of  ves- 
sels in  carrying  mosquitoes  from  port  to  port.  The  in- 
sects probably  are  transported  long  distances  in  sheltered 
parts  of  the  vessels  and  will  breed  in  water  barrels,  and 
perhaps  even  in  bilge  water,  during  a voyage,  thus  fur- 
nishing a constant  supply  of  adults.  The  emergence  of 
mosquitoes  from  concealment  on  board  ship  would  serve 
to  explain  the  sudden  outbreak  of  yellow  fever  at  con- 
siderable intervals  after  leaving  port.  Ships  coming 
into  harbor  have  recorded  swarms  of  mosquitoes  car 
ried  out  ten  or  even  twenty  miles  by  gentle  off-shore 
winds.  In  this  way  vessels  anchored  at  a considerable 
distance  from  infected  ports,  or  even  passing  them  with 
out  having  had  any  direct  communication,  are  subject 
to  contamination  with  diseases  transmitted  by  mos- 
quitoes. 

Prophylaxis. — In  view  of  the  part  played  by  the 
mosquito  in  the  transmission  of  disease,  it  is  fitting  to  in- 
quire in  the  next  place  what  means  are  available  for  the 
correction  of  the  evil.  A number  of  methods  have  been 
suggested  which  differ  somewhat  in  applicability  and 
efficacy,  but  all  of  which  are  valuable  in  certain  cases. 
First  may  be  mentioned  the  protection  of  individuals 
against  the  bite  of  the  mosquito.  This  is  accomplished 
by  means  of  protecting  the  house  with  screens  of  mos- 
quito netting  or  fine  wire  gauze  in  both  doors  and  win- 
dows, or  by  screening  beds  with  curtains  of  fine  gauze, 
which  completely  shield  the  sleeper  from  the  attack  of 
the  insect.  In  the  case  of  persons  engaged  in  outdoor 
employment  it  is  necessary  also  to  adopt  some  type  of 
protection  for  the  exposed  parts  of  the  body,  such  as 
wearing  gloves  on  the  hands  and  hoods  or  veils  of  net 
ting  over  the  face  and  neck. 

The  results  of  this  practice  are,  that  those  in  good 
health  are  not  infected  with  the  parasites  carried  by  the 
mosquito,  and  on  the  other  hand  that  sufferers  from  the 
disease  do  not  give  infection  to  the  mosquitoes  of  the 
neighborhood.  In  the  latter  case  it  is  imperative  that 
such  should  not  become  sources  of  infection  for  the  en- 
tire neighborhood,  and  the  spread  of  the  infection  may 
be  prevented  by  timely  and  perfect  protection  of  the  in 
valid  from  the  attacks  of  mosquitoes.  It  is  reasonable 
to  require  that  all  cases  of  malaria,  as  well  as  yellow 
fever  and  other  infectious  diseases,  should  be  reported  to 


Fig.  3374. — Pupte  of  -4,  Culex  pungens.  li.  Anopheles  maculipennis. 
(After  Howard.) 


the  public  health  officer  and  that  the  isolation  of  the  pa- 
tient from  mosquitoes  be  rigorously  carried  out.  for  other- 
wise the  introduction  of  a single  case  may  be  the  source 
of  infection  for  an  entire  neighborhood.  This  has  re- 
peatedly been  seen  within  recent  times,  as  when,  by  the 
return  of  soldiers  from  the  Spanish  war,  a previously  unin- 
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fected  neighborhood  has  been  infected  with  a veritable 
epidemic  of  malaria. 

This  method  has  been  successfully  employed  among 
the  railroad  operatives  in  Italy  by  Celli  and  Grassi  with 
results  so  pronounced  that  the  latter  has  proclaimed  the 
possibility  of  freeing  Italy  entirely  from  malaria  within 
a short  time  and  making  the  most  dreaded  regions  into 
health  resorts.  Under  protection  from  mosquitoes,  house 
epidemics  of  malaria  ceased  and  convalescence  was  as 
easy  at  home  as  with  change  of  air.  Outside  of  the  pro- 
tected houses  hardly  a person  escaped  the  disease ; within 
them  hardly  any  one  was  infected.  Such  mechanical 
prophylaxis  is  of  the  greatest  advantage,  particularly  to 
those  whose  employment  compels  them  to  remain  in  a 
badly  infected  region.  But  it  is  after  all  a temporary 
measure  and  unattainable  for  a large  part  of  the  popula- 
tion of  the  world  and  under  the  conditions  of  tropical 
climates. 

As  protection  against  the  bite  of  the  mosquito,  use  has 
also  been  made  of  their  repugnance  to  strong  odors  with 
meagre  success.  The  essential  oils  of  lavender,  citronella, 
and  eucalyptus  are  effective,  when  rubbed  on  the  skin,  in 
discouraging  the  attacks  of  mosquitoes;  but  the  greatest 
success  has  been  attained  with  the  formula : castor  oil, 
| i. ; alcohol,  § i. ; oil  of  lavender,  3 i.  As  a remedy  for 
the  irritating  effects  of  the  bites  so  noticeable  on  some 
persons,  glycerin,  alcohol,  and  indigo  have  been  recom- 
mended, but  in  my  experience  tincture  of  iodine  is  best 
where  the  location  of  the  bite  does  not  inhibit  its  use,  and 
is  successful  in  the  worst  cases. 

It  has  also  been  suggested  by  Koch  that  the  generous 
and  universal  use  of  quinine  would  destroy  the  malarial 
organisms  and  thus  do  away  with  the  disease.  It  may 
be  doubted  whether  even  under  governmental  support 
such  a method  could  be  sufficiently  generally  applied,  in 
spite  of  the  prejudices  of  a considerable  part  of  the 
population,  in  temperate  regions  at  least,  even  to  ap- 
proximate the  end  sought.  The  use  of  quinine  will  al- 
ways be  in  favor  among  the  educated  part  of  the  popu- 
lation of  malarial  regions  and  with  travellers  who  are 
called  upon  to  penetrate  fever-ridden  territory.  Its  sale 
at  cost  under  government  authority  is  a wise  measure 
for  the  sanitary  improvement  of  general  health  in  the 
tropical  colonies.  In  temperate  regions  many  cases  of 
malaria  are  not  recognized  as  such;  and  it  should  be 
noted,  moreover,  that  while  affecting  a most  important 
element  of  the  mosquito  problem,  the  proposed  method 
does  not  offer  any  solution  for  the  other  factors  con- 
cerned. 

The  destruction  of  mosquitoes  in  the  adult  condition 
may  be  brought  about  by  various  means.  In  order  to 
control  yellow  fever  effectually  this  is  essential  as  well 
as  the  protection  of  the  sick  against  the  bites  of  the 
mosquitoes.  Most  convenient  of  all  is  the  burning 
of  pyrethrum  powder,  although  chlorine  gas,  formol 
vapor,  chloral,  and  sulphur  may  be  used  with  success 
also.  The  natural  enemies  of  the  adult  mosquito  are 
not  rare,  but  it  seems  impracticable  to  hope  lo  reduce 
noticeably  the  numbers  of  the  insect  by  the  multiplica- 
tion of  its  enemies. 

A more  successful  point  of  attack  is  offered  by  the  im- 
mature larvae  and  pupae  together  with  their  breeding 
places.  The  large  majority  of  the  latter  are  not  essential 
and  many  of  them  are  indeed  accidental  collections  of 
water,  so  that  the  most  radical  as  well  as  the  most  effect- 
ual treatment  of  the  subject  is  the  abolition  of  such  breed- 
ing places.  To  this  end  Ross  has  advocated  the  forma- 
tion of  mosquito  brigades  and  the  thorough  examination 
and  treatment  of  a region.  This  consists  in  the  destruc- 
tion of  all  unnecessary  breeding  spots  and  the  regular 
treatment  of  necessary  bodies  of  water  so  that  they  may 
not  endanger  general  health  by  producing  swarms  of  the 
insect.  It  is  perfectly  practicable  in  this  manner  to  re- 
move the  sources  of  the  infection  and  to  reduce  to  the 
minimum  limit  the  mosquitoes  in  any  locality,  since,  as 
has  already  been  mentioned,  these  insects  are  home  bred 
and  are  rarely  found  at  any  considerable  distance  from 
their  breeding  places. 


For  a work  of  this  character  there  are  necessary:  first, 
accurate  knowledge  regarding  the  location,  number,  and 
extent  of  the  breeding  places ; second,  capable  treatment 
of  the  smaller  localities  that  they  may  remain  free  of 
water  even  when  it  rains;  and  third,  a scientific  plan  for 
handling  the  larger  water  areas  that  they  may  not  serve 
for  tlid  production  of  mosquitoes.  The  smaller  pools 
can  usually  be  filled  or  drained  by  deepening  the  outlet 
without  any  considerable  expense.  The  ease  and  effec- 
tiveness of  such  drainage  work  are  entirely  unappreciated, 
and  the  removal  of  a few  small  pools  by  draining  or  fill- 
ing will  often  completely  abate  the  mosquito  nuisance  in 
a given  locality.  Larger  bodies  of  water  require  the 
cleaning  away  of  marsh  plants  at  the  margin  and  the  in- 
troduction of  fish,  such  as  the  stickleback,  sunfish,  and 
goldfish,  which  are  natural  enemies  of  the  larvae.  A 
most  admirable  example  of  the  proper  method  for  the 
treatment  of  the  problem  is  given  in  the  report  on  plans 
for  the  extermination  of  mosquitoes  on  the  north  shore 
of  Long  Island. 

In  many  cases  the  most  useful  and  successful  method 
for  the  destruction  of  larval  mosquitoes  is  the  use  of 
kerosene  which  has  been  advocated  by  Howard  and  has 
been  successfully  employed  in  many  cases.  The  kero- 
sene spreads  over  the  surface  and  forms  a film  which 
smothers  the  larvae  and  pupae  and  catches  the  females  as 
they  come  to  deposit  eggs.  For  the  petrolization  of  a 
pool  what  is  known  as  low-grade  fuel  oil  which  spreads 
rapidly  and  evaporates  slowly  is  recommended  and  is 
best  applied  by  pouring  it  on  the  surface  of  the  water; 
spreading  the  oil  through  a spraying  nozzle  is  less  eco- 
nomical. Water  treated  with  kerosene  once  a fortnight 
should  be  perfectly  safe  and  the  oil  will  not  harm  other 
animals  than  the  aquatic  insect  larvae. 

The  destruction  of  the  mosquitoes  and  their  breeding 
places  has  attracted  much  attention  recently.  The  re- 
sponsibility of  the  individual  for  the  maintenance  of  his 
own  property  free  from  nuisance  is  thoroughly  recog- 
nized and  the  breeding  of  mosquitoes  will  soon  be  in- 
cluded as  a nuisance  everywhere  as  it  has  been  in  several 
places,  notably  Havana,  of  which  Ross  speaks  with  ad- 
miration, commending  “the  straight-thinking  Americans 
who  quickly  fine  a person  who  breeds  mosquitoes.” 
That  campaigns  against  mosquitoes  are  not  only  reason- 
able but  eminently  successful  has  been  abundantly  proved 
by  work  in  many  localities  in  the  United  States  under  the 
direction  of  Howard  and  others,  by  the  work  of  Young 
in  Hong-Kong,  of  the  United  States  army  in  Cuba,  and 
most  striking  of  all  by  the  campaign  of  Gorgas  in  Ha- 
vana. Within  ninety  days  after  the  adoption  of  regula- 
tions providing  for  the  effectual  isolation  of  the  sick  and 
for  the  destruction  of  all  mosquitoes  present  in  the  in- 
fected and  the  neighboring  houses  Havana  was  freed  from 
yellow  fever ; and  in  spite  of  repeated  introduction  of  the 
disease  from  without,  the  death  rate  from  yellow  fever, 
which  had  averaged  four  hundred  and  sixty-two  an- 
nually for  ten  years  previous,  was  reduced  to  a total  of 
five  in  1901,  and  for  malaria  the  reduction  was  from 
about  three  hundred  and  fifty  in  1900  to  only  twenty-six 
for  the  first  four  months  of  1902. 

Results. — Finally  it  is  proper  to  call  to  mind  the  effects 
which  will  be  produced  by  the  extermination  of  the  mos- 
quito. These  evidently  depend  upon  the  character  of  the 
diseases.  Yellow  fever  consists  of  a single  illness  fol- 
lowed by  greater  or  less  immunity  from  subsequent  at- 
tacks; consequently  the  extermination  of  the  mosquito 
will  bring  about  the  immediate  disappearance  of  the  dis- 
ease. This  has  been  the  case  in  Havana.  Elephantiasis 
and  malaria,  however,  are  protracted  diseases.  The  para- 
sites remain  alive  for  years  after  the  time  of  introduction 
by  a mosquito.  Elephantiasis  is  a permanent  disease,  and 
in  malaria  relapses  occur  long  after  the  removal  of  the 
effecting  agent;  hence  after  the  disappearance  of  all  mos- 
quitoes in  a locality  those  persons  who  were  previously 
infected  will  continue  to  suffer  from  these  two  dis- 
eases, so  that  not  much  change  may  be  found  within  a 
period  of  several  years.  And  yet  a single  year’s  work  in 
mosquito  extermination  in  Havana  reduced  the  mortality 
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from  malaria  in  that  city  ninety-three  per  cent,  within 
eighteen  months. 

In  consideration  of  the  enormous  losses  which  Celli  sums 
up  for  a single  country  in  the  positive  assertion  that  “ mal- 
aria costs  Italy  annually  thousands  of  lives  and  incalcul- 
able treasure,  ” and  in  view  of  the  even  greater  losses  of 
other  countries,  it  is  not  too  much  to  hope  that  extended 
action  may  soon  be  taken  through  governmental  agency 
for  the  correction  of  the  evil  by  the  eradication  of  the 
mosquito.  Henry  B.  Ward. 
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puerperal  eclampsia,  tuberculosis,  toxaemia  of  burns, 
etc.  The  foci  are  found  chiefly  in  the  liver,  spleen, 
lymph  glands,  and  kidneys.  The  form  of  the  necrosis 
is  usually  simple,  but  fibrin  is  often  present  in  the  necro- 
tic material.  The  later  stages  present  the  appearance  of 
caseation.  Focal  necroses  may  not  be  visible  to  the 
naked  eye,  or  they  may  resemble  miliary  tubercles  or  ab- 
scesses, for  which  they  maybe  mistaken.  At  other  times 
they  mayrappear  as  small  pale  yellow  or  grayish  spots 
barely  distinguishable  from  the  surrounding  normal  tis- 
sue. Microscopically,  small  islands  of  simple  coagula- 
tion or  caseation  necrosis  are  found.  When  the  necrosis 
has  been  recent,  diffuse  or  fragmented  chromatin  may  be 
present  and  the  areas  may  stain  deep  blue.  About  the 
necrotic  areas  there  is  ofteii  a leucocyte  infiltration. 
Many  of  the  leucocytes  become  involved  in  the  necrotic 
process;  their  chromatin  becomes  diffuse,  giving  rise  to  a 
deeply  staining  periphery.  In  the  liver  focal  necroses  are 
often  limited  to  the  central  zone  of  the  lobule  about  the 
central  vein ; hence  the  designation  central  necrosis.  The 
same  term  is  also  applied  to  central  necroses  of  bone.  Fo- 
cal necroses  are  due  to  the  direct  action  of  bacilli  or  to 
poisons  acting  directly  upon  the  cells  or  to  local  asphyxia. 
The  changes  in  the  small  capillaries  of  the  affected  tissue 
play  a very  important  part.  Fibrin  may  be  first  formed 
in  the  capillaries  and  lymph  vessels,  and  thus  shutting  off 
the  supply  of  nutrition  cause  cell  death.  In  other  cases 
changes  in  the  capillary  walls  may  be  first  produced  by 
the  injurious  agent;  capillary  thrombosis  follows,  and  to 
this  the  cellular  necrosis  may  be  secondary.  Transuda- 
tion of  serum  through  the  injured  capillary  walls  may 
also  lead  to  necrosis  of  the  surrounding  cells.  The  se- 
quela; of  focal  necrosis  are  the  same  as  those  of  necrosis 
in  general. 

Fat  Necrosis. — The  necrosis  of  the  fat-containing  cells 
of  adipose  tissue  forms  a condition  so  striking  iu  its  clini- 
cal and  pathological  aspects  as  to  warrant  special  men- 
tion. The  condition  occurs  most  frequently  in  the  ab- 
dominal fat  in  connection  with  pancreatitis.  The  necrotic 
areas  appear  in  the  fat  as  grayish  or  yellowish,  or  in  some 
cases  black,  opaque  areas,  soft  or  gritty,  slightly  elevated 
and  usually  circular  in  outline.  The  appearance  some- 
times is  such  as  to  suggest  that  the  fat  had  been  seared 
by  a hot  iron.  Microscopically,  the  fat  cells  are  enlarged, 
the  nuclei  absent,  the  contents  granular  or  presenting 
the  appearance  of  fine  needles  radiating  from  the  centre 
of  the  cell.  Osmicacid  has  no  effect  upon  the  altered  fat 
cells.  With  ordinary  stains  the  necrotic  fat  cells  react  in 
a variety  of  ways.  The  granular  detritus  in  the  fat  cells 
consists  of  a combination  of  lime  salts  and  fatty  acids. 
If  the  process  is  old,  the  amount  of  lime  salts  may  be 
great.  It  has  been  definitely  shown  that  fat  necrosis  is 
due  to  the  fat-splitting  ferment  of  the  pancreas,  which 
under  certain  inflammatory  conditions  of  that  organ  gains 
access  to  the  tissues  through  the  blood  or  lymph.  Ex- 
perimentally, fat  necrosis  may  be  produced  by  injection  of 
pancreatic  extract,  by  ligature  of  the  pancreatic  vessels, 
by  introduction  of  pieces  of  pancreas  into  adipose  tissue 
or  into  the  peritoneal  cavity,  and  by  the  direct  action  of 
steapsin  in  fat  tissue.  Not  only  may  the  abdominal  fat 
be  affected  in  cases  of  pancreatitis  associated  with  fat 
necrosis,  but  also  the  fat  of  the  pericardium,  liver  cells, 
retroperitoneal  region,  and  bone  marrow.  In  the  major- 
ity of  cases  the  condition  is  fatal,  but  recovery  has  been 
noted,  the  dead  fat  cells  becoming  calcified. 

Hcemolysis,  the  destruction  of  the  red  blood  cells,  and 
leucolysis,  the  disintegration  of  leucocytes,  are  discussed 
by  some  writers  under  the  head  of  necrosis.  The  exact 
nature  of  these  processes  is  not  at  present  definitely  de- 
termined. Bacterial  products,  various  poisons,  the  blood 
sera  of  animals  of  different  species,  or  of  the  same  species 
under  certain  conditions,  are  the  chief  factors  iu  the  pro- 
duction of  these  conditions.  Normal  hsemolysis  occurs 
in  the  spleen,  lymph  glands,  haemolympli  glands,  and 
bone  marrow.  In  pernicious  anaemia,  sepsis,  and  many 
of  the  acute  infections  and  intoxications  haemolysis  oc- 
curs in  these  organs  to  a greatly  increased  extent.  Patho- 
logical destruction  of  the  red  cells  iu  the  circulating  blood 


occurs  also  in  a variety  of  infections  and  intoxications. 
The  term  hmmocytolysis  is  more  properly  applied  to  this 
condition,  but  has  been  largely  superseded  by  the  word 
haemolysis. 

Sequelae  of  Necrosis. — The  course  of  the  necrotic  process 
depends  upon  the  anatomical  nature  and  location  of  the 
affected  tissue,  the  course  and  manner  of  the  injurious 
influence  causing  the  necrosis,  the  condition  and  envi- 
ronment of  the  affected  part,  the  amount  of  blood  and 
lymph,  the  nature  of  preceding  changes,  the  opportunity 
for  the  access  of  air  and  putrefactive  agerds  to  the  part, 
etc.  About  the  necrotic  area  there  is  always  a more  or 
less  marked  inflammatory  reaction  in  the  surrounding 
living  tissue.  As  a result  of  such  inflammation  the  ne- 
crotic area  becomes  isolated  and  sequestered.  The  proc- 
ess is  called  sequestration,  and  the  area  of  necrotic  tissue 
so  shut  off  a sequestrum.  The  ultimate  sequelae  will  be: 
(1)  Regeneration  following  the  absorption  or  casting  off 
of  the  dead  tissue,  new  tissue  resembling  the  normal 
being  formed ; (2)  cicatrization ; (8)  calcification ; (4) 
cyst  formation,  the  dead  tissue  being  liquefied  and  encap- 
sulated ; (5)  chronic  abscess  or  ulcer. 

Aldred  Scott  Warthin. 

NECROSIS  OF  BONE.  See  Bone,  Pathology  of. 

NEMATODA.* — The  class  of  the  Nematoda  or  round 
worms  constitutes  a large,  rather  uniform,  and  clearly 
demarcated  group,  which  by  many  recent  authors  has 
been  regarded  as  of  the  rank  even  of  a phylum,  in  which 
case  the  name  Nemathelminthes  has  been  applied.  The 
group  is  characterized  by  a cylindrical  body,  often  fili- 
form even  in  its  attenuation,  and  by  the  heavy  cuticular 
investment  which  carries  in  some  cases  small  bristles, 
hooks,  or  spines,  but  which  is  consistently  without  ap- 
pendages and  manifests  at  most  surface  striation,  but 
never  true  segmentation.  The  body  cavity  is  extensive, 
but  unprovided  with  a peritoneal  epithelium,  and  the 
sexual  and  excretory  systems  do  not  stand  in  any  con- 
nection with  it.  Another  striking  feature  is  the  entire 
absence  of  cilia  in  all  stages  of  development. 

An  alimentary  canal  is  present,  at  least  in  some  stage 
of  the  life  history  of  all  forms.  It  is  with  rare  exceptions 
a permanent  structure  in  the  members  of  the  sub-class  of 
true  round  worms,  or  Eunematoda;  but  in  the  sub-class 
of  the  hairsnakes  or  Gordiacea,  the  alimentary  canal  is 
greatly  reduced  in  the  adult,  in  that  the  mouth  is  closed 
and  a delicate  solid  string  of  tissue  is  the  only  vestige  of 
the  anterior  portion  of  the  canal.  The  posterior  region 
still  retains  its  cavity  and  functions  in  connection  with 
the  reproductive  organs  of  both  sexes,  which  have  with 
it  a common  outlet.  In  the  Eunematoda,  on  the  other 
hand,  the  male  organs  join  the  alimentary  canal  to  form 
a common  cloaca,  but  the  female  system  is  entirely  un- 
connected with  the  alimentary  system,  and  the  vulva 
occupies  a variable  position  in  the  midventral  line.  The 
sexes  are  separate,  though  in  rare  instances  partheno- 
genesis or  hermaphroditism  modifies  the  usual  balance. 

By  far  the  largest  number  of  forms  belongs  to  the  Eu- 
nematoda, which  will  be  considered  first,  while  the  Gor- 
diacea and,  as  an  appendix,  the  Acanthocephala  will  be 
discussed  subsequently.  Among  the  Eunematoda  the 
better  known  forms  are  parasitic,  though  some  are  free 
living  and  an  occasional  species  is  capable  of  making  use 
of  both  types  of  environment.  The  free  living  species 
are  uniformly  insignificant,  but  among  parasitic  forms 
one  finds  the  microscopic  blood  parasites  and  the  meter 
long  guinea  worm.  In  respect  to  location  also  there  ob- 
tains great  variety;  and  one  finds  these  parasites  in  all 
regions  of  the  alimentary,  respiratory,  circulatory,  excre- 
tory, and  muscular  systems,  and  in  connective  tissue  and 
serous  cavities. 

The  greatly  elongated  cylindrical  form  tapers  as  a rule 
more  or  less  toward  both  ends,  though  generally  speak- 


* A general  discussion  of  parasitism  and  its  effects  will  be  found 
under  the  heading  Parasites. 
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ing  the  head  is  truncated  and  the  tail  acute.  The  chitin- 
ous  cuticula  invests  the  entire  body,  and  is  introverted  a 

short  distance  at 
all  orifices.  It 
bears  rarely  un- 
jointed spines 
and  bristles  and 
is  marked  often 
by  delicate  sur- 
face striations. 
In  cross  section 
(Fig.  3537)  the 
body  appears 
c i r c u 1 a r,  a n d 
shows  beneath 
the  cuticula  a 
thin  liypoder- 
ma  layer,  which 
is  prominently 
thickened  at 
four  points.  Of 
these  the  lateral 
lines,  fields,  or 
areas,  as  they 
are  called,  are 
largest,  and  are 
visible  in  sur- 
face view  as  del- 
icate longitudi- 
nal stripes  (c, 
Fig.  3535).  The 
dorsal  and  ven- 
tral median  lines 
are  much  less 
prominent  and 
are  distinguish- 
able ordinarily 
only  in  sectional 
views. 

Directly  be- 
low the  hypo- 
dermis  is  the 
muscular  layer 
which  is  inter- 
rupted by  the 
lines  already 
noted,  and  hence 
appears  as  four 
muscular  fields. 
The  muscle  cells 
(ra,  Fig.  3536) 
are  of  a peculiar 
type  in  that  a 
protoplasmic 
body  is  distinct 
from  the  con- 
tractile fibrillar 
portion.  The 
main  trunks  of 
the  nervous  sys- 
tem occupy  the 
dorsal  and  ven- 
tral areas,  while 
the  lateral  areas 
contain  each  a 

delicate  canal,  which  has  been  interpreted  as  part  of  the 
otherwise  unexplained  excretory  system;  with  the  latter 
are  associated,  however,  certain  stellate  cells  of  peculiar 
character,  which  project  from  the  lateral  fields  into  the 
body  cavity  and  are  known  as  phagocytic  organs. 

The  alimentary  canal  (£,  Fig.  3535)  is  a straight  simple 
tube  extending  from  the  mouth,  which  is  always  terminal, 
to  the  anus,  which  varies  in  location  from  the  posterior 
end  to  a position  on  the  ventral  surface,  some  little  dis- 
tance removed  from  it.  Various  features  connected  with 
the  canal  are  of  great  systematic  importance.  About  the 
mouth  are  found  a number  of  lips  and  papillae  character- 
istic of  the  genus  or  family.  The  buccal  or  pharyngeal 


Fig.  3535.— Internal  Anatomy  of  Ascaris  lum- 
bricoideis , opened  along  dorsal  line.  A,  Male ; 
B , female ; c,  lateral  line ; de,  ductus  ejacula- 
torius : do,  uterus ; i,  intestine ; as,  oesopha- 
gus ; on,  coiled  ovary ; vg,  vagina ; ns,  semi- 
nal vesicle.  (After  Delafond .) 


cavity,  an  enlargement  at  the  outset,  the  muscular  oesoph- 
agus with  a triangular  lumen  (Fig.  3537)  and  a ter- 
minal enlargement  which  may  be  indis- 
tinctly marked,  or  may  partake  of  the 
form  of  a distinct  bulb,  or  even  two 
such,  with  a valvular  apparatus,  the  in- 
testine proper  followed  by  the  rectum 
and  cloaca  in  the  male — these  constitute 
the  distinct  parts  of  the  alimentary 
system. 

The  sexual  organs  have  the  form  of  a 
long  coiled  tube,  in  the  attenuated  distal 
end  of  which  the  sexual  cells  are  pro- 
duced, while  the  proximal  portions  af- 
ford storage  for  the  perfected  germ  cells 
before  they  are  discharged  from  the 
bod}'.  In  the  female  the  system  is  reg- 
ularly bifid,  although  one  horn  of  the 
uterus  may  be  undeveloped  to  a greater 
or  less  extent,  while  in  the  male  only 
a single  tube  is  present.  The  varied 
debouchment  of  the  system  in  the  two 
sexes  has  already  been  noted.  About 
the  vulva  cliitinous  lips  often  of  notable 
thickness  are  developed,  and  on  the  ex- 
ternal surface  near  the  male  orifice  nu- 
merous papillae  characteristic  of  the 
genus  or  species,  and  at  times  a sucker 
also  are  to  be  found;  these  function  as 
accessory  copulatory  apparatus,  while 
in  the  same  category  are  included  ex- 
panding folds  of  the  body  wall  known  as  the  bursa  and 
awl-shaped  cliitinous  structures  called  spicules.  The 
bursa  varies  from  a pair  of  simple  folds  lateral  to  the 
cloaca  to  a cup  or  bell  surrounding  it  and  the  posterior 
end  of  the  body.  The  spicules,  either  one  or  two  in 
number,  with  an  accessory  guiding  piece  in  some  in- 
stances, are  developed  in  a dorsal  evagination  from  the 
cloacal  wall  and  provided  with  special  musculature  for 
extrusion  and  retraction.  Their  form  varies  greatly  in 
different  species,  and  with  the  bursa  and  circumanal  pa- 
pillie  constitutes  the  means  for  determination  of  the  spe- 
cies. 

The  Eunematoda  are  oviparous,  but  in  some  cases  the 
eggs  are  retained  long  enough  in  the  uterus  to  contain 
when  laid  a partly  or  fully  developed  embryo ; and  in  a 
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Fig.  3536.— Sec- 
tion of  Body 
Wall.  Highly 
magnified.  w. 
Nucleus  and  p, 
prot  o p 1 a s m i c 
body  of  muscle 
cell,  m. 


Fig.  3537.— Transsection  of  Ascdrts  lumbricoides  at  level  of  oespha- 
gus.  c,  Cuticula  ; h,  hvpoderm  ; i,  intestine ; m,  muscle  layer  ; d, 
dorsal,  s,  lateral,  t>,  ventral  lines;  u\  excretory  canal.  (After 
Hertwig.) 


few  species  the  embryo  deserts  the  shell  before  it  is  ex- 
truded from  the  body.  All  stages  in  the  development  of 
this  ovoviviparous  habit  may  be  observed. 

Ordinarily  the  eggs  which  undergo  development  exter- 
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nal  to  the  body  of  the  host  are  provided  with  a heavy 
shell  to  resist  the  action  of  an  unfavorable  environment. 
In  case  the  eggs  undergo  development  while  still  in  the 
uterus,  the  shell  is  thin.  Some  species  develop  directly, 
i.e.,  without  a change  of  host,  though  a certain  stage  in 
r the  life  history  at  least  is 

passed  in  the  outer  world ; in 
other  cases  the  immature  worm 
lives  in  another  animal,  known 
as  the  intermediate  host,  than 
that  which  har- 
bors the  adult, 
or  rarely  in  a dif- 
ferent part  of 
the  body  of  the 
one  host.  In  a 
few  species  a pa- 
rasitic generation 
alternates  with  a 
free  living  gener- 
ation of  such  dif- 
ferent form  as  to 
have  been  regard- 
ed as  another 
species;  and  the 
alternating  gen- 
erations differ  rad- 


Anfluillvla  aceti. 
accessory  piece ; 

B , spicules  partially  protruded  from  anus. 
Magnified.  (After  Stiles.) 


ically  in  method  of  reproduction.  In  one  case  at  least 
( Trichinella ) the  entire  life  history  is  passed  within  the 
host  and  transportation  to  a new  host  depends  upon  the 
carnivorous  habit.  In  other  cases  also  (blood  filariae)  the 
life  history  is  passed  within  two  hosts  and  no  part  takes 
place  externally ; but  in  most  instances  there  is  a free 
living  stage  and  infection  is  brought  about  primarily 
through  the  drinking-water.  Some  prominent  exceptions 
to  this  general  statement  are  noted  later. 

The  family  of  the  Anguillulidoe,  which  is  difficult  to 
characterize,  contains  mostly  free  nematodes  of  small 
size,  transparent,  filiform,  and  tapering  to  both  ends. 
The  oesophagus  is  inflated  or  has  one  or  two  bulbs  at  the 
posterior  end.  The  female  possesses  double  symmetrical 
uteri  and  short  reflexed  tubular  ovaries,  with  vulva  at  or 
behind  the  centre  of  the  body,  with  few,  large  ova,  and 
with  development  rapid,  often  ovoviviparous.  The  male 
has  two  equal  cliitinous  spicules,  with  or  without  one  or 
more  accessory  pieces.  The  type  genus  is 

Anguillula  Ehrenberg  1826.  — Buccal  cavity  very 
minute;  oesophagus  cylindrical  with  two  bulbs,  the  pos- 
terior having  a valve  apparatus;  vulva  behind  centre  of 
body;  male  without  bursa;  accessory  piece  single,  fan- 
shaped. The  best-known  species  is  the  vinegar  eel,  which 
has  recently  been  found  as  a parasite  of  man. 

Anguillula  aceti  Muller  (Fig.  3538). — Cuticula  un- 
striated,  body  tapering  slightly  anteriad;  tail  greatly 
attenuated.  Male  1.35  to  1.45  mm.  long  by  24-28 g wide. 
Spicules  38 g long,  similar,  twisted;  accessory  piece 
slightly  caudad;  no  bursa;  papillae  at  least  two  preanal 
and  one  postanal.  Female,  1 to  2.4  mm.  long,  by  40-72  // 
in  diameter,  contains  embryos  0.22  mm.  long  by  12//  in 
diameter. 

This  worm,  which  is  everywhere  common  in  vinegar, 
has  been  recently  studied  by  Stiles  and  Frankland  in  the 
role  of  a human  parasite.  The  specimens  were  taken  in 
great  numbers  from  the  urine  of  a female  patient,  and 
were  present  during  a period  of  thirty -three  days.  The 
urine  was  always  very  acid  and  once  had  a marked  odor 
of  vinegar.  In  this  sample  the  worms  lived  two  months, 
and  individuals  then  removed  to  vinegar  became  vigor- 
ous and  bred  rapidly. 

Pathology. — The  patient  had  chronic  parenchymatous 
nephritis  of  a degenerative  type,  and  the  urine  frequently 
contained  albumin,  but  not  while  the  parasites  were  pres- 
ent. No  symptoms  traceable  to  them  were  observed,  and 
their  presence  in  the  bladder  remained  unexplained.  The 
suspected  use  of  vaginal  douches  acidulated  with  vinegar 
was  denied  by  the  patient,  and  no  grounds  existed  for 
questioning  the  truth  of  the  statement.  Evidently  this 
parasite  might  be  present  in  the  vagina  if  such  a practice 


were  followed.  Billings  and  Miller  have  reported  two 
other  cases  from  the  United  States  in  which,  however, 
the  source  of  the  parasite  was  not  demonstrated  beyond 
question. 

Leptodera  A.  Schneider  1866. — (Esophagus  with  two 
bulbs,  the  posterior  with  or  without  valves.  Male  with 
or  without  bursa,  often  six  to  ten  papillie  on  the  bursa  or 
on  the  median  line;  two  short  spicules  and  a single  ac- 
cessory piece.  Some  species  are  hermaphroditic.  A some- 
what indistinct  genus,  difficult  to  separate  from  that  last 
described,  and  perhaps  identical  with  it. 

Leptodera  Niellyi  R.  Blanchard  1885. — (Syn. : Anguil- 
lula leptodera  Nielly;  Rhaltditis  Niellyi  R.  Bl.  1888.) 

This  species  is  known  only  in  the  larval  form,  in  which 
it  measures  333 u in  length  and  13//  in  breadth.  The  ali- 
mentary canal  was  the  only  internal  organ  described;  it 
displayed  two  enlargements  in  the  pharynx,  the  second 
pharyngeal  bulb  having  a dentate  armature. 

The  worms  were  discovered  by  Nielly  in  1882  in  a 
young  man,  fourteen  years  of  age,  who  was  born  near 
Brest,  and  had  never  been  out  of  that  region.  A dermal 
eruption,  much  like  craw-craw,  of  about  five  or  six  weeks’ 
standing,  affected  chiefly  the  patient’s  limbs.  In  the 
fluid  of  each  papule  were  found  several  worms,  and  the 
blood  showed  on  microscopical  examination  at  the  outset 
of  the  malady  many  small  nematoda,  which,  however, 
could  not  be  found  later;  at  no 
time  were  they  found  in  fames  or 

method  of  the  introduction 
parasite  was  unknown;  but 
remarked  that  the  lad  had 
the  habit  of  drinking  from 
It  is  easily  surmised  that 
•s  of  the  worm  were  swal- 
id  in  drinking,  and  that 
embryos,  hatching  out  in 
alimentary  canal,  bored 
their  way  into  the 
circulation  a n d 
thus  reached  the 
skin.  Their  pres- 
ence both  in  the 
blood  and  in  the 
papules  is  thus 
easily  explained. 
They  may  have 
been,  however, 
larvae  of  some 
imported  filaria, 
though  dermato- 
sis caused  by  lar- 
val nematoda  has  been  observed  in 
dog,  fox  and  horse  in  Europe  by 
many  investigators. 

In  this  connection  it  is  important 
to  note  the  similarity  of  this  case  to 
craw-craw,  a contagious  vesicular 
eruption  of  the  skin,  observed  in 
Africa  and  in  South  America,  in 
which  various  investigators  have 
reported  the  presence  of  larval  ne- 
matoda. Manson  regards  craw- 
craw  as  a dermatosis  characteristic 
of  the  “sleeping  sickness,”  endemic 
on  the  west  coast  of  Africa.  Mo- 
niez  has  suggested  that  the  para- 
sites to  which  this  case  is  due  may 
have  been  imported  by  some  sailor 
from  Africa,  and  associates  with  it 
the  case  of  elephantiasis,  also  ob- 
served in  Brittany. 

Leptodera  pellio  (A.  Schneider 
1866). — (Syn.:  Rlmbditis  pellio  A.  Schneider  1866;  R. 
pellio  Biitschli  1873;  R.  genitalis  Scheiber  1880.) 

Male:  Length,  0.8-1. 5 mm.:  bursa  with  seven  to  ten 
ribs  on  each  side;  spicules  27-33 y in  length,  nearly  alike. 
Female:  Length,  0.9-1. 3 mm.,  posterior  extremity  long 


Fig.  3539 .-Strongy- 
loides  stercoralis 
from  Human  Intes- 
tine. X 80.  (After 
Braun.) 
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and  pointed,  vulva  a little  in  front  of  the  middle ; ovary 
not  paired;  eggs  oval,  60  by  35 y. 

Scheiber  found  this  species  at  Stuhlweissenburg,  Hun- 
gary, in  the  urine  of  a native  woman  suffering  from  py- 
elonephritis, pneumonia,  and  acute 
intestinal  catarrh.  During  the  en- 
tire illness  the  worms  were  found 
in  the  vagina  in  all  stages  of  de- 
velopment. Several  other  authors 
have  found  what  is  closely  related, 
if  not  the  same  form,  in  the  urine 
in  cases  of  haematuria;  but  the  par- 
asitism is  probably  accidental,  since 
Oerley  has  shown  that  R.  genitalis 
Scheiber  must  be  referred  to  R. 
pellio,  a common  free  living  form 
found  in  moist  earth  and  putrefy- 
ing substances,  and  also  that  worms 
of  this  species  will  multiply  iu  the 
vagina  of  white  rats.  There  is  fur- 
ther to  be  noted  both  the  habit  of 
Hungarian  peasants  in  employing 
moist  earth  for  poultices  and  the 
record  of  Scheiber,  that  patient  and 
clothing  were  earth-stained,  ren- 
dering it  altogether  likely  that 
such  a poultice  had  been  applied 
near  the  vulva,  and  that  from  it  the 
free  living  worms  had  successfully 
colonized  the  vagina. 

Leptodera  terricola  (Du  jar  din 
* To  ides  ~sier  cor  alls.  1845.)-— (Syn. : Rliabditis  terricola 

A,  Rhabditiform  Du j.  1845;  Pelodera  teres  Schneider 
fasces.  XU5:  iffi  ^66;  P .setigera ■ Bastian  1879;  R. 
riform  larva  from  cul-  Govnwdlli  Gobbold  18/9.) 
ture ; Gd,  genital  cell.  Mouth  with  six  lips,  anterior  bulb 
Xl3o.  ( After  Braun.)  0f  p]lal-ynx  fusiform,  posterior 
spherical.  Male;  Length,  1.3  mm.; 
tail  attenuated,  slightly  longer  than  the  bursa.  Fe- 
male: 2 mm.  in  length  and  over;  posterior  extremity 
sometimes  regularly  attenuated,  sometimes  sharply 
rounded  and  provided  with  a very  fine  tail;  vulva 
about  the  middle  of  the  body;  ovoviviparous ; eggs  60 
by  40  //. 

This  typical  free  living  species  should  be  listed  as  a 
pseudo-parasite  of  man  by  virtue  of  its  occurrence  in  ca- 
davers, and,  in  one  case  at  least,  its  confusion  with  tri- 
china. The  facts  in  this  celebrated  case  are  as  follows ; 
The  English  schoolsliip  Cornwall  was  visited  in  1879  by 
an  epidetnic  which  affected  many  cadets  and  killed  one. 
The  symptoms  of  the  disease  were  not  incompatible  with 
trichinosis,  and  microscopical  examination  of  the  ex- 
humed cadaver,  undertaken  two  months  later,  demon- 
strated in  the  muscles  of  the  abdomen  many  nematoda, 
which,  with  the  exception  of  the  first  one  examined, 
were  dead,  but  not  one  was  encysted.  The  epidemic 
was  pronounced  therewith  trichinosis,  and  attracted 
enough  attention  to  be  brought  before  Parliament. 
Cobbold  and  Bastian  easily  showed  that  the  worms  in 
question  had  nothing  to  do  with  Trichinella,  and  Oerley 
established  their  identity  with  L.  terricola,  which  had 
undoubtedly  penetrated  the  body  after  inhumation. 

The  family  of  the  Angiostomidte  includes  small  rliab- 
ditis-like  nematoda  which  manifest  in  development  the 
alternation  of  two  types  of  sexual  generations  of  which 
the  first  is  dioecious,  free  and  very  similar  to  Leptodera, 
while  the  second  is  parasitic,  hermaphroditic,  and  of  a 
different  structure. 

Strongyloides  Grassi  1879. — Parasitic  generation  with 
simple  mouth  in  which  no  armature  is  present;  cylindri- 
cal pharynx  very  long.  Free  generation  with  small  oral 
cavity ; pharynx  with  two  bulbs,  the  anterior  fusiform, 
the  posterior  spherical  and  armed ; male  with  two  small 
spicules  similar. 

Strongyloides stercoralis  Stiles  and  Hassall  1902. — (Syn. : 
Anguillula  intestinalis  and  A.  stercoralis  Bavay  1877 ; 
Leptodera  intestinalis  and  L.  stercoralis  Cobbold  1879; 
Pseodorhabditis  stercoralis  Perroncito  1881 ; Rhabdonema 


strongyloides  Leuckart  1883;  Strongyloides  intestindlis 
Grassi  1883;  R.  intestinale  Blanchard  1885.) 

Free  generation  (Bavay ’s  A.  stercoralis)  both  sexes  oc- 
cur; body  slender,  tapering  toward  the  ends;  mouth  with 
three  or  four  indistinct  papillae;  oesophagus  0.16  mm. 
long,  with  well-developed  buccal  cavity  and  two  bulbs, 
the  posterior  of  which  is  armed  with  three  cliitinous  teeth ; 
anus  with  protruding  lips  on  right  side  of  body.  Male 
(Fig.  3541,  B):  0.75-1  mm.  long,  35  to  66  y thick,  with 
short  recurved  tail  and  two  curved,  conical  spicules,  38  y 
long.  Female  (Fig.  3541,  A):  1-1.4  mm.  long,  50-75 y 
broad,  with  long  slender  pointed  tail;  vulva  a little  be- 
hind the  middle  of  the  body  and  on  the  right  side;  uterus 
double;  eggs  ellipsoidal,  thin-shelled,  70  by  45//,  seg- 
mentation advanced,  embryo  often  hatched  within  body 
of  mother;  embryos  at  first  with  tapering  tail,  bulbous 
oesophagus,  and  chitinous  teeth,  soon  changing  to  filari- 
form stage. 

Parasitic  generation  (Bavay’s  A.  intestinalis)  (Fig. 
3539).  Female  only,  hermaphroditic  or  parthenoge- 
netic;  Jength  2. 1-2.2  mm.,  breadth 30-39//,  body  slightly 
tapering  anteriorly,  but  terminated  posteriorly  by  a 
short  bluntly  conical  tail,  with  rounded  and  slightly  di- 
lated tip;  mouth  with  three  poorly  developed  lips  (or 
none?  Strong);  oesophagus  cylindrical,  with  no  swell- 
ings, one-fourth  the  length  of  the  body  or  more,  distin- 
guishable readily  only  in  color  from  the  intestine ; vulva 
transverse  in  posterior  third  of  the  bod}';  uterus  with 
five  to  six  (nine  to  twenty?)  ellipsoidal  eggs,  50-59,  or 
65-70 y by  30-34,  or  39 y,  and  often  joined  in  strings  of 
two  or  three.  The  eggs  are  segmenting  when  laid, 
they  develop  rapidly  and  hatch  before  being  ejected 
with  the  excrement.  Embryos  rhabditiform,  0.3-0. 6 
mm.  long  by  16-22// wide;  first  molt  within  twenty 
hours  if  in  incubator. 

Dr.  Normaud  discovered  the  species  in  1876,  when  ex- 
amining microscopically  the  stools  of  soldiers  returned 
from  Cochin  China,  who  were  suffering  from  acute  dys- 
entery. Somewhat  later  he  found  at  the  necropsy  of  a 
soldier  who  had  died  from  Cochin  China  diarrhoea,  the 
other  form  of  the  species.  Both  of  these  forms  were  origi- 
nally studied  and  described  by  Bavay.  It  was  in  1883.  be- 
fore the  connection  of  the  two  was  established  by  Leu- 
ckart, who  showed  them  to  be  phases  in  the  life  history 
of  the  same  species.  In  life  man  harbors  in  the  canal  the 
one*  form  (A.  intestinalis  Bavay)  and  its  young  which, 
reaching  the  exterior  with  the  faeces,  may  be  transformed 
then  into  the  other  adult  (A.  stercoralis  Bavay);  the  lat- 
ter transformation  may  also  take  place  in  the  intestine 
after  death,  as  in  cultures  made  in  confirming  these  dis- 
coveries. Later  authors  have  added  many  details,  which 
may  be  summarized  as  follows; 

The  parasitic  generation,  which  recalls  a strongylid  or 
a filaria  in  general  appearance,  produces  eggs  so  abun- 
dantly that  from  an  ordinary  infection  more  than  a million 
embryos  may  be  evacuated  in  a single  stool.  The  em- 
bryos (Fig.  3540,  A)  measure  at  hatching  0.2-0.24  mm. 
long  by  12  y broad,  but  develop  so  rapidly  that  those  in  the 
stools  have  attained  a length  of  0.30-0.60  mm.  by  a width 
of  16-23//.  The  embryos  are  characterized  by  a rhabdi- 
tiform oesophagus,  and  under  normal  temperature  they 
soon  moult ; and  then , protected  as  if  by  a cyst  in  the  larval 
skin,  await  more  favorable  conditions  for  further  devel- 
opment. If  kept,  however,  at  a temperature  of  25-35“ 
C.  they  develop  to  sexual  maturity  in  fifteen  to  eighteen 
hours;  they  copulate  in  thirty  hours,  and  the  females 
begin  to  lay  at  fifty  to  fifty-five  hours. 

After  the  first  moult  the  structure  of  the  embryos  be- 
comes more  distinct,  and  one  can  see  three  or  four  oral 
papillae  and  a buccal  cavity,  together  with  an  anterior 
enlarged  and  median  constricted  region  of  the  oesopha- 
gus, which  is  terminated  by  the  oesophageal  bulb,  con- 
taining an  apparatus  for  trituration  composed  of  three 
chitinous  teeth.  The  intestine  which  follows  ends  in  a 
slightly  protruding  anus  located  on  the  right  side.  Also 


* It  is  disputed  whether  the  other  form  may  very  rarely  be  found 
under  the  same  circumstances. 
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on  the  right,  about  one-third  the  distance  from  the  bull) 
to  the  tail,  is  the  whitish  lenticular  proton  of  the  sexual 
system. 

In  most  cases  studied  in  temperate  regions  after  a few 
days  in  culture,  these  embryos  die  or  change  form,  be- 
coming elongate  and  with  more  tapering  tails,  the  oesoph- 
agus loses  its  teeth  and  enlargements  and  becomes  a uni- 
form cylinder;  the  embryos  resemble  young  filariae  and 
have  taken  on  the  strongyloid  form  (Fig.  3540,  B). 

Only  thirty  to  forty  eggs  are  deposited  by  each  female 
of  the  free  generation  (Bavay’s  A.  stercoralis),  which  de- 
velop so  rapidly  as  to  approach  the  ovoviviparous  condi- 
tion ; they  hatch  out  young  worms  about  0.22  mm.  long, 
in  which  the  oesophagus  manifests  a distinct  rhabditiform 
character.  After  the  first  moult,  which  occurs  when  they 
are  about  0.35  mm.  long,  they  acquire  in  from  thirty  to 
thirty -six  hours  the  strongyloid  appearance,  in  that  the 
mouth  shows  four  lips,  the  oesophagus  is  cylindrical  and 
has  lost  its  dental  armature,  the  tail  is  shortened,  and 
bears  near  its  end  two  small  lateral  wings.  At  the  end 
of  eight  days  the  free  form  can  no  longer  be  found  in  the 
cultures,  and  all  the  young  have  become  strongyloid 
larvae.  If  introduced  into  the  intestine,  these  larvae  de- 
velop into  the  parasitic  female,  with  which  the  cycle  be- 
gins anew. 

A remarkable  modification  of  this,  the  normal  life  cycle 
of  the  species,  was  discovered  by  Grassi,  who  found  that 
the  development  might  be  abridged  since  the  rhabditi- 
form embryos  may  transform  directly  into  the  strongy- 
loid larvae  without  the  intervention  of  any  free  sexual 
generation.  This  direct  development  has  been  confirmed 
by  Leichtenstern,  who  has  observed  it  for  weeks  in  suc- 
cession, while  at  other  times  alternation  with  the  free 
rhabditiform  generation  comes  in.  The  causes  of  this 
transformation  are  unknown  as  yet;  it  must,  however, 
be  regarded  as  au  important  etiological  factor,  since  the 
infection  of  man  may  be  due  to  the  accidental  introduc- 
tion of  either  sort  of  larvae,  or  of  the  adult  parasitic 

form.  Stiles  has  sug- 
gested that  this  ab- 
breviation is  a step 
toward  perfect  par- 
asitism. 

The  method  of  in- 
troduction can  only 
be  inferred  to  be  im- 
pure water  or  vege- 
tables, salads,  etc. , 
which  have  been  con- 
taminated by  human 
excrement.  Al- 
though Nonnaud  ac- 
quired the  disease  in 
Cochin  China,  while 
having  refrained  ab- 
solutely from  drink- 
ing any  but  imported 
water,  and  was  ac- 
cordingly inclined  to 
question  the  part 
played  by  water  in 
its  dispersal,  yet  in 
the  absence  of  fur- 
ther evidence  general 
considerations  must 
point  to  this  as  the  most  probable  source  of  in- 
fection. Differences  in  manner  of  development 
are  present  in  embryos  from  a single  original 
infection  and  external  conditions  seem  to  be  in- 
determinate; it  is  possible  that  the  age  of  the 
parent  animal  is  of  influence.  Embryos  with 
direct  development  are  at  least  more  resistant, 
and  alone  survive  under  unfavorable  environment. 

It  has  been  claimed  after  culture  experiments  by  Wilms 
that  there  are  not  two  varieties  of  the  parasite,  one  de- 
veloping by  the  direct,  the  other  by  the  indirect  method, 
but  that  embryos  from  the  same  lot  of  eggs  may  develop 
in  either  fashion.  Though  the  number  of  cases  observed 
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Fig.  3541.— Strongyloides  ster- 
coralis. A,  Female  of  free 
generation  in  advanced  stage 
of  development;  B,  male 
from  culture  of  fmces ; sp, 
spicules.  Magnified.  (After 
Zinn.) 


is  probably  too  small  for  definite  conclusions,  it  is  strik- 
ing that  cases  infected  with  the  tropical  strongyloids 
develop  usually  with  the  interpolation  of  the  free  sexual 
generation,  while  cases  infected  in  temperate  regions, 
both  of  Europe  and  America,  manifest  almost  exclu- 
sively direct  development.  It  should  not  be  forgotten 
that  there  may  be  concerned  here  more  than  one  species 
of  closely  related  and  heretofore  confused  forms,  which 
would  account  for  some  of  the  apparently  conflicting 
statements.  Certain  it  is  that  the  figures  of  the  larvae, 
given  by  various  authors,  do  not  agree  in  the  form  and 
proportions  of  the  different  regions  in  the  oesophagus, 
which  for  individuals  in  the  same  moult  are  ordinarily  re- 
garded as  constant,  and  an  examination  of  the  adult  para- 
sites, as  figured  by  two  niost  recent  observers,  Strong  and 
Braun,  shows  numerous  differences  in  detail,  which  can 
hardly  be  errors  in  observation. 

The  observations  of  Grassi,  that  the  alternation  of  gen- 
erations described  above  is  not  a necessary  feature  in  the 
life  cycle  of  this  species,  is  still  further  of  importance  as 
explaining  the  enormous  number  of  worms  found  in  the 
intestine  in  some  cases.  Leuckart  records  an  instance  in 
which  prodigious  quantities  of  the  worms  were  evacu- 
ated even  a year  and  a half  after  leaving  the  locality  of 
infection.  Such  evidence  leaves  little  reasonable  doubt 
of  the  multiplication  of  the  parasite  in  the  human  ali- 
mentary canal,  as  in  fact  related  species  do  so  reproduce 
in  other  animals  and  as  Anguillula  aceti  multiplies  in  the 
human  bladder  as  noted  above. 

Distribution. — Strongyloides  stercoralis  occurs  very 
widely.  The  entire  tropical  and  subtropical  zone  of 
Africa,  Asia,  the  Philippines,  and  the  East  Indies  form 
apparently  its  original  home,  within  which  its  occurrence 
is  all  but  universal.  It  has  also  been  recorded  from  Mar- 
tinique, Brazil,  Hawaii,  and  in  Europe  from  Sicily,  Italy, 
and  Mount  St.  Gothard  tunnel,  Spain,  Russia,  and  among 
brickworkers along  the  Rhine  and  in  East  Prussia.  First 
reported  in  the  United  States  by  Strong,  it  has  been  ob- 
served and  studied  since  then  twice  in  Baltimore  by 
Thayer,  who  showed  its  probable  endemic  character. 
For  further  data  on  its  occurrence  as  well  as  for  bibliog- 
raphy and  discussion  of  previous  cases  consult  the 
splendid  paper  by  the  latter  author.  Stiles  has  5 further 
cases  to  be  published  soon. 

Pathology. — At  first  the  worm  was  regarded  as  the 
cause  of  the  dysentery  in  which  it  was  originally  discov- 
ered and  with  which  it  is  usually  associated : more  recent 
investigations  have  thrown  some  doubts  upon  this  view. 
The  rarity  of  the  worm  in  the  intestine  at  the  outset  of 
the  disease,  its  abundance  in  stools  of  convalescents,  its 
absence  in  cases  which  have  freely  bilious  diarrhoea,  and 
often  in  severe  attacks  of  Cochin  China  diarrhoea,  and 
finally  its  frequent,  presence  in  individuals  enjoying  nor- 
mal health,  all  militate  against  the  supposed  pathogenic 
role  of  the  species;  and  both  Grassi  and  Leichtenstern  go 
so  far  as  to  proclaim  the  species  entirely  innocuous,  “in- 
nocent commensals  of  man.” 

On  the  other  hand,  its  presence  is  not  regarded  by  all 
authors  as  harmless,  even  though  they  do  not  regard  it 
as  the  cause  of  the  disease.  Sonsino  has  found  that  in 
Italy  excessive  multiplication  of  the  species  may  give 
rise  to  acute  enteritis  followed  by  dangerous  anamia. 
Golgi  and  others  have  observed  epithelial  lesions  which 
they  have  attributed  probably  with  justice  to  the  action 
of  this  parasite.  Its  extraordinary  multiplication  in  the 
human  alimentary  canal  must  contribute  to  the  irritation 
of  the  mucosa  and  to  the  development  of  the  lesions  pro- 
duced by  the  so-called  Cochin  China  dysentery.  Recent 
observations  of  Askanazy  serve  to  demonstrate  the  path 
ological  character  of  these  worms,  which  he  finds  to  be 
actual  parasites  of  the  intestinal  wall  in  the  duodenum 
and  jejunum.  Here  they  penetrate  chielly  the  mucosa, 
being  often  found  in  the  epithelium  of  Lieberkiihn's 
glands.  They  may  penetrate  to  the  muscular  layer  or 
rarely  deeper  than  this.  These  migrations  are  in  search 
of  food,  as  the  chyle-filled  body  of  the  worm  shows;  but 
no  evidence  was  found  to  show  that  they  ever  suck  the 
blood  of  their  host. 
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The  female  deposits  eggs  in  the  galleries  of  the  mu- 
cosa, which  give  rise  to  embryos  that  wander  out  into  the 
lumen  of  the  intestine.  In  Teissier’s  case  it  was  claimed 
that  these  embryos  had  taken  a different  route  and  had 
entered  the  circulation,  perhaps  by  way  of  the  chyle 
tubes;  their  presence  here  was  accompanied  by  high 
temperature,  which  abated  with  their  disappearance 
three  days  later.  More  probably  this  case  represents  a 
double  infection  of  Filaria,  with  Strongyloides.  The 
limited  number  of  Strongyloides  eggs  found  in  the  ffeces  is 
to  be  explained  perhaps  on  their  deposition  deep  in  the  tis- 
sue. More  recently  Strong  has  continued  the  presence  of 
adults,  eggs  and  embryos  in  the  epithelium  and  in  the 
cavity  of  the  crypts  of  Lieberkilhn,  in  which  cases  the 
epithelium  is  often  atrophied  and  less  frequently  entirely 
gone.  Infiltrations  of  small  round  cells  were  observed 
in  some  cases,  but  no  marked  inflammatory  changes. 
This  author  believes  that  the  parasite  is  not  harmless, 
though  not  particularly  dangerous;  and  he  finds  it  capa- 
ble of  producing  an  intermittent  diarrhoea  with  intestinal 
disturbances.  It  certainly  causes  some 
mechanical  injury  from  its  rapid  move- 
ments. 

Prevention. — The  use  of  filtered  or 
boiled  water  and  abstinence  from  eat- 
ing uncooked  vegetables  of  any  sort, 
as  well  as  the  destruction  of  stools  from 
patients  afflicted  with  the  parasite,  are 
evident  measures  suggested  by  the  life 
history.  Special  mention  has  been 
made  by  various  observers  of  the  gen- 
eral immunity  of  natives  in  Cochin 
China  toward  both  the  parasites  and 
the  endemic  dysentery,  and  it  has  been 
explained  on  the  basis  of  their  univer- 
sal use  of  water  boiled  or  treated  with 
alum  sufficient  to  precipitate  the  or- 
ganic matter. 

The  hydrotactic  tendency  of  the  em- 
bryos is  useful  in  diagnosis  in  cases  in 
which  they  are  present  in  small  num- 
bers, since  in  the  centre  of  a fecal  layer 
spread  on  a culture  plate  a small  cav- 
ity can  be  made  and  filled  with  water; 
here  the  embryos  collect  and  are  easily 
found.  In  pure  water  the  embryos  of 
the  free  generation  are  apt  to  perish, 
perhaps  through  lack  of  food  materi- 
als. Leichtenstern  has  also  pointed 
out  that  a differential  diagnosis  be- 
tween this  species  and  Uncinaria  is 
not  difficult,  since  in  fresh  fasces  the 
latter  form  appears  only  as  eggs,  the 
former  only  as  embryos.  The  Uncinaria  embryo  is  also 
easily  distinguished  from  that  of  Strongyloides,  since  the 
latter  has  a short  thin-walled  oral  cavity,  hardly  cliitin- 
ized  at  all,  and  a large  spindle-shaped  sexual  rudiment, 
33  y long,  while  the  former  possesses  a long,  heavily 
chitinized  oral  cavity  and  a minute  circular  sexual  rudi- 
ment, onty  3g  long.  If  eggs  are  taken  from  the  canal 
at  a necropsy,  those  of  Uncinaria  are  distinguishable 
from  those  of  Strongyloides  by  the  smaller  size  and 
thicker  shell. 

Treatment. — Turpentine  and  male  fern  have  no  appar- 
ent effect.  In  mild  cases  thymol  with  general  tonic  treat- 
ment is  successful  generally,  but  in  severe  infections 
nothing  yet  reported  is  of  any  apparent  value. 

A genus  which  offers  evident  affinities  to  tjotlx  Stron- 
gylidae  and  Filaridap,  but  which  is  usually  included  in 
a separate  family,  the  Gnathostomidae,  is  represented 
among  human  parasites  by  a single  rare  species: 

Onathostoma  siamense  (Levinsen  1889.) — (Syn. : Cheir- 
acanthns  siamensis  Lev.  1889.) 

The  genus  is  easily  recognizable  by  the  numerous 
spines  which  cover  the  entire  body,  or  at  least  the  ante- 
rior region.  Several  species  occur  in  the  Felidae,  and  in 
swine  and  cattle.  This  form  is  known  only  by  a single 
female  specimen,  length  9 mm.,  breadth  1 mm. ; about 


Fig.  a542.— Filaria 
medinensis,  Roll- 
ed on  Split  Stick. 
(Alter  Fedt- 
schenko.) 


the  head  eight  circles  of  spines.  The  anterior  third  of 
the  body  alone  is  covered  with  spines,  the  anterior  of 
which  are  three-pointed,  and  the  posterior  simple.  The 
vulva  lies  behind  the  centre  of  the  body. 

The  specimen  was  collected  in  Siam  and  came  from  a 
small  tumor ; when  this  disappeared  there  were  found  on 
the  skin.nodules  the  size  of  a pea,  from  one  of  which  this 
worm  emerged.  The  same  symptoms  were  observed  in 
two  other  cases,  and  in  one  of  these  five  or  six  worms 
were  expelled,  but  were  not  preserved. 

Family  of  the  Filaridae. — Body  greatly  elongated,  fili- 
form; mouth  variable,  often  papillate,  sometimes  with 
lips  and  even  with  a buccal  capsule;  oesophagus  slender 
and  without  a bulb ; male,  with  somewhat  coiled  tail  and 
a single  spicule  or  two  unequal  ones.  Female,  with 
double  ovary  and  vulva  near  the  anterior  end  of  the 
body.  Many  species  are  ovoviviparous. 

Filaria  O.  F.  Muller  1787. — Very  slender  worms  of 
nearly  equal  calibre  throughout.  Males  notably  smaller 
than  the  females,  with  coiled  posterior  end,  which  pos- 
sesses in  some  cases  alar  appendages.  Spicules  ordinarily 
very  different  in  size  and  form.  Four  preanal  papilhe 
are  almost  constant  ; the  number  of  postanal  papillae  is, 
however,  variable.  Vulva  always  near  the  anterior  end. 

These  forms  are  parasites  of  the  serous  cavities  and 
subdermal  connective  tissue;  in  general  the  develop- 
ment, though  not  well  known,  appears  to  be  indirect 
with  an  intermediate  host  from  Crustacea  or  Insecta. 
Raillet  justly  remarks  that  for  the  physician  this  genus 
is  a sort  of  “ catchall  ” into  which  he  throws  all  round 
worms,  old  or  new,  of  which  the  structure  is  poorly 
known. 

Filaria  medinensis  (Linnaeus  1758) — (Syn. : Gordius 
medinensis  Linn.  1758;  F.  medinensis  Gmelin  1789;  F. 
dracunculus  Bremser  1819;  F.  cethiopica  Valenciennes 
1856;  Dracunculus  medinensis  Cobbold  1864.) 

Female:  30-100  cm.  long  (ordinarily  50-80),  0.5-2  mm. 
broad ; body  uniform  in  diameter,  white  or  yellowish- 
brown;  the  anterior  end  smooth,  rounded,  with  cephalic 
shield,  and  small  mouth  surrounded  by  six  papillae;  ali- 
mentary canal  atrophied  in  adult  and  with  all  other  in- 
ternal organs  replaced  by  enormously  developed  uterus; 
vagina  has  disappeared.  Uterus  filled  with  larval  fila- 
riae,  0.5-0.75  mm.  long  and  15-25  y wide. 

Male  doubtfully  observed,  said  to  be  much  smaller 
than  female,  only  4-10  cm.  long,  found  fixed  to  the  fe- 
male by  its  posterior  extremity,  about  14  cm.  from  the 
anterior  end  of  the  latter.  If  the  observation  is  substan- 
tiated, the  male  follows  the  female  into  the  tissues  and 
perishes  soon  after  copulation  there.  The  vagina  atro- 
phies subsequently  to  this. 

The  so-called  “guinea-worm”  is  the  subject  of  the 
oldest  records  dealing  with  any  parasite.  Doubtless  the 
fiery  serpents  which  plagued  the  children  of  Israel  in  the 
wilderness  were  this  species.  The  writings  of  the  Egyp- 
tians and  those  of  early  classical  times,  as  well  as  later 
authorities,  make  definite  references  to  it.  The  Arabian 
physicians  knew  it  well,  and  Rufus,  of  Ephesus,  not  only 
gives  a good  description  of  the  disease  and  its  cause, 
which  he  designates  as  a little  snake,  but  recounts  the 
commonly  accepted  opinion  that  “the  Arabians  suffer 
from  it,  and  many  strangers  acquire  the  disease  if  they 
drink  the  water , for  that  is  the  chief  cause.” 

Life  History. — The  adult  female  is  met  with  in  the  con- 
nective tissue,  particularly  of  the  legs  and  feet.  It  ap- 
pears here  in  eighty-five  per  cent,  of  all  cases,  and  pierces 
the  derma ; a blister  forms  in  the  epidermis  over  this  ori- 
fice, and  on  rupturing  shows  a small  ulcer  at  the  centre 
of  which  is  a minute  opening.  If  cold  water  is  dashed 
on  the  surface  here,  a drop  of  a milky  fluid  exudes  or  a 
small  tube  (the  uterus?)  is  protruded  and  bursts,  setting- 
free  the  opaque  fluid.  This  fluid  contains  multitudes  of 
embryos  0.5-0.75  mm.  long  and  15-25 y wide;  they  are 
flattened,  terminate  in  a long  pointed  tail,  and  have  a 
striated  cuticula  and  a complete  alimentary  canal.  They 
swim  actively  but  intermittently,  and  live  six  days  in 
pure  water,  but  from  two  to  three  weeks  in  muddy  water 
or  moist  earth. 
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As  may  be  followed  experimentally  they  enter  the 
body  cavity  of  small  aquatic  animals  (Cyclops,  Fig.  3543) 
through  the  joints  in  the  exoskeleton,  and  there  with  two 
or  three  moults,  occupying  five  or  six  weeks,  they  meta- 
morphose into  a more  cylindrical 
form  with  a tripartite  posterior  end. 

The  further  life  history  is  unknown. 

Fedtschenko  tried  to  infect  cats  and 
dogs  with  these  infested  Cyclops, 
but  without  result.  Manson  and 
Blanchard  have  successfully  re- 
peated these  experiments.  Some 
further  changes  may  easily  be  nec- 
essary before  the  parasite  is  fitted 
for  its  final  host,  which  may  be 
cattle,  horse,  dog,  wildcat,  or  jackal  as  well  as 
man. 

The  life  history,  as  given  above,  affords  a rea- 
sonable explanation  of  some  biological  features. 

Both  the  preferential  location  of  the  worm  in 
legs  and  feet  which  are  most  likely  to  come  in 
contact  with  standing  water  and  the  expulsion 
of  the  embryos  on  such  contact  are  admirably 
adjusted  to  secure  for  the  young  conditions  for 
further  development.  It  is  a widely  current  be- 
lief among  natives  in  different  parts  of  Africa 
and  Arabia,  both  in  ancient  times  and  to-day, 
that  drinking-water  is  the  source  of  infection. 

In  the  majority  of  infected  districts  drinking- 
water  is  obtained  from  surface  pools  which, 
according  to  the  observations  of  naturalists,  are 
swarming  with  Cyclops,  and  hence  afford  every 
opportunity  for  the  spread  of  the  disease. 

Distribution.  — The  guinea-worm  is  rather 
widely  distributed  in  tropical  and  subtropical 
countries.  Most  abundant  in  Deccan  (India)  and 
on  the  west  coast  of  Africa,  where  in  some  sea- 
sons from  one-half  to  nearly  the  entire  popula- 
tion is  affected,  it  is  found  more  or  less  from  India  west- 
ward through  Southern  Asia  and  tropical  Africa,  and  in 
a limited  area  of  Brazil,  where  its  introduction  may 
probably  be  attributed  to  the  slave  trade.  In  Curagoa 
and  Surinam,  where  it  was  formerly  endemic,  and  where 
it  was  no  doubt  introduced  with  negroes,  it  has  now 
entirely  disappeared.  Records  of  its  occurrence  in  Eu- 
rope and  North  America  are  from  natives  of  the  infected 
area  or  visitors  to  it,  and  though  frequently  introduced 
it  has  never  gained  a footing  in  either  place.  Records 
of  its  occurrence  in  Africa  and  Arabia  are  found  in  his- 
torical and  medical  works  of  all  ages.  It  is  also  known 
to  occur  in  Persia,  Turkestan,  and  Hindustan. 

Pathology. — The  seat  of  the  adult  females  is  the  sub- 
cutaneous connective  tissue,  and  they  occur  most  com- 


Fig.  3543. -Em- 
bryos of  Filaria 
medinensis  in 
body  cavity  of 
Cyclops.  (After 
Fedtschenko.) 


Fig.  3544. — Filaria  loa.  A,  Head  of  male;  B,  mid  body  of  male 
with  cuticular  bosses ; C,  bead  of  female  with  bosses : D,  posterior 
end  of  female  with  two  bosses.  Magnified.  (After  Blanchard.) 

monly  in  the  lower  extremities,  especially  in  the  foot 
and  ankle,  but  have  been  found  in  the  arm,  tongue,  eye- 
lid, scrotum,  perineum,  and  trunk.  As  many  as  live  or 
six  in  a single  host  is  not  uncommon.  The  presence  of 


the  worm  is  not  detected  ordinarily  until  it  approaches 
the  skin,  where  it  produces  a swelling,  at  lirst  painless 
but  later  painful,  and  ultimately  a running  sore.  Of  it- 
self the  worm  may  be  considered  comparatively  harm- 
less, but  the  complications  incident 
to  a tropical  climate  often  bring 
about  excessive  suppuration  and 
gangrene,  such  as  to  necessitate 
amputation  of  the  part  infected,  or 
even  to  be  followed  by  death.  The 
worm  is  sometimes  expelled  spon- 
taneously, but  in  the  majority  of 
cases  it  is  extracted  by  what  is 
known  as  the  Soudanese  method. 
The  end  of  the  worm  is  seized  firm- 
ly between  two  splints,  on  which  it  is  gradually 
rolled  up  (Fig.  3542),  great  care  being  exercised 
to  avoid  breaking  the  slender  body.  The  man- 
ner in  which  the  worm  is  coiled  up  in  the  ab- 
scess renders  the  operation  very  slow,  and  while 
recovery  is  rapid  when  the  entire  worm  is  re- 
moved, in  those  cases  in  which  it  has  been 
broken  and  a part  left  behind,  the  result  has  been 
excessive  pain  and  often  fatal  gangrene.  The 
physician  finds  it  more  satisfactory  to  remove 
the  entire  worm  at  once  by  a simple  operation. 
In  some  cases  complete  cure  follows  a single 
operation;  in  others  subsequent  growths,  which 
include  fibrous  tissue  with  numbers  of  em- 
bryos, call  for  further  operative  interference. 

Prevention.  — Apparently  the  satisfactory 
regulation  of  the  supply  of  drinking-water  will 
prove  the  means  of  stamping  out  the  disease. 
Surface  water  is  particularly  suspicious  on  ac- 
count of  the  large  number  of  Cyclops  likely  to 
be  present. 

Filaria  loa,  Guyot  1778. — (Syn. : F.  oculi  Gerv. 
et  v.  Ben.  1859  (nec.  v.  Nordm.  1852);  Dra- 
cunculus  oculi  Diesing  1860;  Dr.  loa  Cobbokl  1864.) 

Female  30-40  (rarely  70)  mm.  long,  by  0.5  mm.  broad, 
of  cylindrical  form  (Fig.  3544)  with  anterior  end  blunt, 
posterior,  straight,  pointed;  cuticula,  transparent,  yel- 
lowish, not  striated  but  marked  with  minute,  ehitinous 
bosses  irregularly  distributed;  uterus  bifid,  coiled;  eggs 
30-35  by  20-25  g;  when  deposited  containing  embryos 
210-250/1  in  length. 

Male:  20-30  mm.  long,  0.3-0.45  broad;  cuticula  not 
striated,  but  with  small  papillae  except  on  first  and  last 
fifth;  mouth  without  papillae : tail  (Fig.  3545)  slightly  in- 
curved, with  lateral  wings  and  five  ventral  papillae  on 
each  side,  three  being  preaual  and  the  first  the  largest ; 
spicules  two,  short,  unequal. 

It  was  first  observed  in  1770,  though  a print  of  1597 
seems  to  show  an  operation  for  its  removal.  Nearly 
thirty  cases  are  now  on  record ; most  of  these  are  only 
notes,  but  recent  descriptions  of  Ludwig  and  Blanchard 
have  made  its  appearance  and 
structure  known.  The  earlier 
authors  were  inclined  to  regard 
it  as  identical  with  F.  medinensis, 
but  its  specific  distinctness  main- 
tained by  others  is  now  clearly 
demonstrated.  Even  if  the  im- 
maturity of  specimens  eliminates 
the  difference  in  size,  the  smooth 
striated  cuticula  of  the  guinea- 
worm  will  serve  to  separate  it 
at  once  on  careful  examination 
from  F.  loa,  with  its  non-striated, 
embossed  surface.  The  embryos 
differ  also. 

In  distribution  F.  loa  is  lim- 
ited to  an  area  on  the  west  coast 
of  Africa  (Guinea,  Gold  Coast, 

Gaboon),  where  it  is  not  uncommon,  and  cases  reported 
from  other  regions,  which  are  largely  among  slaves  of 
earlier  days,  have  been  those  of  persons  who  had  come 
more  or  less  recently  from  that  region.  Such  are  on  rec- 


FIG.  a54.r).  — Tail  of  Male 
Filaria  Ina  with  Spicules 
ami  Papillae.  (Author's 
specimen.) 
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ord  from  Brazil,  Trinidad,  St.  Domingo,  France,  Eng- 
land, and  the  United  States. 

Naturally  the  majority  of  records  affect  negroes,  but 
physicians  in  Africa  maintain  that  the  parasite  attacks 
blacks  and  whites  alike,  and  the  number  of  cases  reported 
among  missionaries  supports  this  view.  One  of  the  lat- 
ter has  recently  been  reported  in  the  United  States  by 
Ward  and  Milroy. 

Life  History. — From  the  scattered  facts  on  record 
Blanchard  has  outlined  the  course  of  development  as  fol- 
lows: Introduced  into  man  in  the  larval  form  with  drink- 
ing-water, the  form  becomes  adult  in  the  alimentary  ca- 
nal. Either  before  or  after  copulation  it  penetrates  the 
tissues  where  its  development  is  slow,  as  shown  by  a resi- 
dence of  from  four  to  ten  years  or  more  in  the  body.  It 
appears  beneath  the  conjunctiva  of  the  eye  or  the  skin  at 
the  last  phase  of  its  existence,  but  it  may  reach  the  sur- 
face of  the  body  without  having  acquired  its  full  devel- 
opment. That  unlike  F.  medinensis  it  does  not  deposit 
eggs  in  dermal  abscesses  is  clear  from  the  entire  absence 
of  pus  formation  and  of  eruption  in  cases  of  its  occur- 
rence. It  is  a prisoner  in  the  body,  and  the  embryos 
must  escape  independently  of  the  mother.  They  prob- 
ably penetrate  the  blood,  and  are  drawn  from  it  by  some 
blood-sucking  parasite,  from  which  in  some  unknown 
way  they  reach  running  water  and  in  it  a new  host,  or  are 
inoculated  directly  when  the  intermediate  host  is  feeding. 
Manson  has  conjectured  that  the  well-known  F.  divrna 
is  the  larva  of  F.  loa,  with  which  it  agrees  in  geographi- 
cal distribution.  The  opinion  is  generally  accepted 
among  inhabitants  of  the  affected  region  that  the  source 
of  infection  is  to  be  found  in  drinking-water. 

Pathology. — The  parasite  is  an  active  migrant  through 
the  connective  tissue,  but  comes  often  into  the  region  of 
the  orbit.  Its  appearance  in  the  tissue  of  the  lid  or  be- 
neath the  conjunctiva  is  made  known  ordinarily  by  itch- 
ing or  even  by  slight  pain  which  may  disappear  with  the 
withdrawal  of  the  worm,  only  to  recur  with  its  subse- 
quent return  at  irregular  intervals  of  days,  weeks,  or 
even  months.  An  individual  has  been  seen  to  pass 
rapidly  from  the  one  eye  to  the  other  over  the  bridge  of 
the  nose.  In  one  case  only  has  an  immature  specimen 
been  found  actually  within  the  eye.  In  addition  to 
itching,  transient  cedematous  swellings  accompany  its 
appearance  in  various  parts  of  the  body.  Fugitive  tume- 
factions, known  as  Calabar  swellings,  are  not  uncom- 
mon in  lower  Nigeria.  They  are  half  the  size  of  a goose 
egg,  painless,  sudden  in  appearance,  disappearance,  and 
recurrence,  and  may  be  found  in  any  part  of  the  body. 
They  are  thought  to  be  produced  by  rubbing  when  a F. 
loa  approaches  the  surface. 

Treatment. — The  negroes  drive  it  from  the  eye  by 
dropping  a grain  of  salt  into  the  conjunctival  sac  or  by 
extracting  the  worm  with  a thorn.  Deftness  in  operat- 
ing is  necessary,  and  if  after  cocainizing  the  eye  the 
worm  be  grasped  with  a pair  of  forceps,  a cut  in  con- 
junctiva or  lid  gives  an  opening  through  which  it  usu- 
ally starts  to  escape,  or  may  be  withdrawn  by  a second 
forceps. 

Filaria  volvulus  Leuckart  1893. — Body  tapering  uni- 
formly, head  rounded.  Male  30-35  cm.  long,  40-140  y 
in  diameter,  tail  incurved ; one  postanal,  two  adanal,  one 
preanal  papilla  on  each  side,  two  spicules  0.08  and 
0.177  mm.  long.  Female  40-70  cm.  in  length.  Em- 
bryos 250 ,«  long,  5—6  //  wide,  resembling  F.  nocturna 
and  F.  diurna,  but  shorter  and  thicker  and  without 
sheath,  head  rounded,  tail  very  sharp,  clear  spot  in  an- 
terior fourth  of  body. 

Leuckart  received  two  dermal  tumors  from  Gold  Coast 
negroes  containing  several  worms  coiled  in  a ball  and 
surrounded  by  a fluid  containing  embryos.  A somewhat 
similar  tumor  excised  from  the  arm  of  a French  soldier, 
who  had  been  in  Dahomey,  showed  that  the  worm  occu- 
pied a lymph  vessel  and  was  surrounded  by  a mass  of 
connective  tissue.  Its  identification  as  the  same  species 
has  been  questioned.  Prout  has  recently  described  two 
other  cases  from  Sierra  Leone.  Like  F.  loa,  it  is  vivip- 
arous and  found  in  subdermal  tissue;  but  unlike  that 


species  it  is  sedentary  and  produces  a circumscribed  sub- 
cutaneous tumor. 

F.  conjunctiva,  Addario  1885. — (Syn. : F.  palpebralis 
Pace  1867,  nec  Wilson  1844;  F.  peritonei  hominis  Ba- 
besiu  1880;  Filaria  inermis  Grassi  1887.) 

Female:  Length  10-16  cm.,  width  0.5  mm.;  cuticula 
striated  not  embossed  or  papillate ; mouth  terminal,  un- 
armed, vulva  near  anterior  end ; uterusdouble,  with  eggs 
and  embryos  measuring  350  by  5.5 y.  Male  unknown." 

Dubini  first  found  this  species  in  Sicily  in  a tumor  of 
the  conjunctiva,  and  it  has  been  recorded  as  a human 
parasite  also  in  Italy'  and  Hungary.  The  species  is,  ac- 
cording to  Grassi,  a normal  parasite  of  the  horse  and  ass, 
and  is  only  occasional  in  man. 

Filaria,  lentis  Diesing  1851. — (Syn.:  Filaria  oculi  hu- 
mani  von  Nordmann  1832.) 

With  the  case  of  von  Nordmann,  in  which  immature 
nematode  worms  were  found  in  the  lens,  have  been  asso- 
ciated various  poorly  known  and  often  doubtful  cases  of 
later  observers,  in  several  of  which  it  is  probable  that  the 
object  was  a vestige  of  a vessel  or  filament  and  not  a fila- 
ria. In  three  cases  the  parasite  was  in  the  lens,  in  three 
also  in  the  vitreous  humor,  and  in  two  in  the  aqueous 
humor.  The  most  recent,  by  Drake  and  Brockman,  at 
Madras,  has  been  assigned  by  Blanchard  to  Filaria  equi- 
na, which  is  abundant  in  India.  The  character  of  other 
species  is  likely  to  remain  permanently  doubtful.  Some 
of  them  are  very  likely  young  forms  of  the  preceding 
species,  F.  inermis. 

Filaria  restiformis  Leidyr  1880.  Length  66  cm.,  width 
at  head  0.375  mm.,  at  centre  1.5  mm.;  anterior  end 
pointed,  posterior  blunt;  mouth  without  papillae ; oesoph- 
agus 1.125  mm.  long. 

Passed  in  West  Virginia  from  the  bladder  of  a man, 
fifty  years  of  age.  The  patient  had  been  suffering  some 
day's  from  haematuria.  Railliet  regards  it  as  evidently'  a 
pseudoparasite.  While  it  was  not  extracted  by'  the  at- 
tending physician,  he  maintained  that  no  doubt  existed 
as  to  the  correctness  of  the  patient’s  statements  that  the 
worm  had  actually  been  passed. 

Filaria  hominis  oris  Leidy'  1850.— Length  14  cm., 
width  at  head  0.1  mm.,  at  centre  0.38  mm.  Mouth  ter- 
minal, posterior  end  provided  with  an  epidermal  spine, 
0.05  mm.  long. 

Leidy  found  the  single  specimen  in  the  collection  of 
the  Philadelphia  Academy  labelled,  “Obtained  from  the 
mouth  of  a child,”  and  queried  if  it  might  be  the  y'oung 
or  the  male  of  F.  medinensis.  Leuckart  shared  the  opin- 
ion which  has,  however,  been  questioned  by'  some  later 
investigators. 

F.  labudis  Pane  1864. — Length  30  mm. ; pointed  an- 
teriorly ; mouth  with  four  papillae,  posterior  end  slightly 
inflated;  vulva  in  posterior  tenth ; uterusdouble,  but  in 
posterior  branch  rudimentary. 

A single  specimen  only  from  a pustule  on  the  upper 
lip  of  a man  in  Naples,  Italy.  Not  reported  since  1864. 

F.  lymphatica  Treutler  1793. — (Sy'n. : Hamularia 

lymph.  Treutler  1793;  Filaria  hominis  bronchialis  Rud. 
1819;  F.  hominis  Dies.  1851;  F.  lymph.  Moq.-Tandon 
1860;  Stronyylus  bronchialis  Cobbold  1879.) 

Length  about  26  mm. ; brownish  spotted  with  white; 
transparent  and  pointed  anteriorly;  thickened  and  blunt 
posteriorly ; two  short  spicules. 

First  found  in  1790  in  the  hypertrophied  bronchial 
ganglia  of  a man  of  twenty-eight  y'ears  of  age:  it  has 
been  reported  since  then  by  Brera  and  by  Ziirn,  who  dis- 
covered another  specimen  at  Geneva  in  1879.  under  con- 
ditions like  those  of  the  first  case.  The  view  of  Diesing 
and  Weinland,  that  it  was  probably  Stronyylus  longeva- 
ginatus  (=  A.  apri)  is  improbable  according  to  Railliet, 
who  views  it  as  a male  of  F.  inermis.  The  view  of 
Braun  that  it  is  F.  equina,  a common  parasite  of  horse 
and  ass  in  Europe,  seems  more  probable. 

Filaria  immitis  Leidy  1856. — Mouth  with  six  papillae. 
Male:  12-18  cm.  long,  0.7-0. 9 mm.  wide;  posterior  end 
with  low  lateral  wings  and  eight  preanal  as  well  as  nine 
to  ten  postanal  papillae ; posterior  end  rolled  in  several 
turns  like  a corkscrew,  spicules  unlike.  Female:  25-30 
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cm.  long,  1-1.3  mm.  wide,  posterior  end  shortly  blunt; 
vulva  iu  posterior  fourth;  ovoviviparous  embryos  0.28- 
0.30  mm.  long  and  5 y wide,  with  a greatly  attenuated 
posterior  extremity. 

Originally  found  by  Leidy  in  the  heart  of  a dog,  it  is 
now  known  to  inhabit  the  entire  venous  system.  The 


Fig.  3546 .—Filaria  Bancrofti.  A.  Adult  male  X 7.5.  B , Embryo 
from  hydrocele  fluid  X 200.  (After  Lothrop  and  Pratt.) 

embryosare  to  be  found  in  the  peripheral  circulation  dur- 
ing the  period  of  rest.  With  growth  they  retire  to  the 
larger  vessels  and  escape  from  the  kidneys  or  in  excre- 
ment. Their  normal  method  of  exit  is  unknown.  The 
parasite  is  most  common  in  dogs  living  in  the  open. 

The  parasite  is  common  in  the  United  States,  especially 
in  the  South  and  in  South  America.  It  seems  to  be  very 
abundant  in  China  and  Japan,  and  is  reported  also  from 
Italy,  France,  Germany,  and  Denmark. 

As  Moniez  has  shown,  Braun  was  apparently  in  error 
in  citing  Bowlby  as  authority  for  the  occurrence  of  this 
species  in  man;  and  Braun’s  own  case  is  too  uncertain 
in  determination  to  be  accepted  as  evidence  in  absence  of 
other  instances.  If  F.  immitis  is  even  occasionally  a 
human  parasite,  it  should  be  found  as  such  in  the  United 
States,  where  it  occurs  commonly.  No  case  has  been 
found  on  record. 

Filaria  Bancrofti  Cobbold  1877. — (Syn. : Trichina  cys- 
tica Salisbury  1868,  non  Filaria  cystica  Rud.  1811);  F. 
sanguinis  horrdnis  Lewis  1872 ; F.  sang. -horn,  cegypt.  Son- 
sino  1874;  F.  dermathemica  Da  Silva  Araujo; 
F.  Wuchereri  da  Silva  Lima  1877 ; F.  sanguinis 
hominis  nocturna  Manson  1891 ; F.  nocturna 
Manson  1891.) 

Body  elongated,  white,  opaque,  very  deli- 
cate, showing  tendency  to  coil ; cuticula  with- 
out transverse  striation,  anterior  end  slightly 
thickened,  without  lips  or  papillae,  posterior 
end  rounded.  Male  35-40  mm.  long;  0.1-0.12 
mm.  broad,  head  51  y,  neck  43 y,  in  diameter; 
oesophagus  0.13  nun.  long;  tail  (Fig.  3547) 
slightly  bent,  1 mm.  long ; papillae 
undescribed;  spieula  0.2  and  0.6 
mm.  long.  Female  75-95  mm.  long, 
0.21-0.28 mm.  broad,  head  68 //,  neck 
51  y in  diameter,  vulva  0.72-1.27 
mm.  from  head,  anus  0.282  from 
tail.  Eggs  25—28  y or  35  (Lothrop 
and  Pratt)  by  15  y.  Embryos  0.127- 
0.2  mm.  (or  0.2-0.33  mm.)  long  by 
8-10  (7-11)  y broad,  with  uustri- 
ated  cuticula,  but  enveloped  in  a 
delicate  sheath  (Fig.  3546,  B). 

Although  first  reported  as  early  as  1863  by  Demarquay, 
this  form  has  been  very  generally  confused  with  other 
species  of  the  group,  especially  F.  Magalliaesi,  and  even 
now  only  a little  can  be  given  beyond  the  data  contained 
in  the  general  characteristics  which  are  taken  from  Mait- 
land and  Manson’s  account,  and  from  that  of  Lothrop 
and  Pratt.  The  discrepant  measurements  given  by  dif- 
ferent authors  are  due,  in  part  at  least,  to  the  fact  that 
different  species  were  under  consideration. 

The  male  (Fig.  3546,  A)  is  much  shorter  than  the  female, 
and  the  posterior  end  exhibits  a strong  tendency  to  twist 


Fig.  3547— Tail  of  Male 
Filaria  Bancrofti. 
Magnified.  (After 
von  Linstovv.) 


like  a tendril.  Both  sexes  manifest  a proclivity  to  curl 
into  a knot,  and  various  observers  note  the  difficulty  of  dis- 
entangling the  individual  worms  from  such  a mass.  In 
the  female,  which  alone  has  been  examined,  the  anterior 
end  is  traversed  by  four  deep  grooves,  giving  the  trans- 
section much  the  form  of  a maltese  cross.  The  thick- 
walled  vagina  extends  posteriorly  a short  distance  from  its 
external  orifice,  and  splits  into  two  thin-walled  uterine 
tubes,  which  occupy  the  entire  cavity  of  the  body,  forc- 
ing the  intestine  against  the  muscular  wall  at  one  side. 
These  tubes  are  filled  with  ova  and  embryos  in  all  stages 
of  development.  The  smaller  embryos  are  coiled  within 
a thin  structureless  chorion.  Preserved  specimens  may 
assume  a brownish  tint,  owing  to  a change  in  the  color 
of  the  uterine  walls. 

The  embryonic  filariae  in  freshly  drawn  blood  or  in 
hydrocele  fluid  are  rounded  at  the  anterior  end  and 
pointed  at  the  posterior.  Though  in  constant  motion, 
twisting  and  coiling,  they  never  (?)  exhibit  a true  pro- 
gressive movement.  In  freshly  drawn  blood  they  are 
covered  by  a delicate  sheath,  which  is  indistinguishable 
normally  except  as  a flagellum  following  the  tail  at  some 
distance,  0. 3-0.4  mm.  (Fig.  3548) ; rarely,  when  the  move- 
ment of  the  body  is  reversed,  this  disappears  from  the 
tail  and  becomes  evident  at  the  head  (Fig.  3548,  A).  It  is 
evidently  the  collapsed  sheath,  which  Manson  regards  as 
a vitelline  membrane,  and  in  such  specimens  as  have  un- 
dergone endosmotic  changes  it  appears  like  a distended 
sac  enveloping  the  entire  worm;  such  an  appearance, 
though  frequently  figured,  is  entirely  unnatural.  The 
embryos  of  other  species,  e.g.,  F.  immitis,  are  without 
this  sheath.  These  embryos  may  be  kept  alive  five  or 
more  days  in  a cover-glass  culture  of  blood,  and  after 
forty -eight  hours  many  empty  sheaths  may  be  observed. 
Attached  to  the  tip  of  the  head  is  a minute  spine,  which 
at  times  is  pro- 
truded in  rapid 
succession  with  a 
peculiar  “ pout- 
ing ” movement. 

Life  History. — 

The  female  is  vi- 
viparous, and  the 
embryos,  which 
are  produced  in 
enormous  num- 
bers, are  evacu- 
ated into  the 
lymph  stream  and 
ultimately  pass 
from  it  into  the 
blood  c u r r e n t, 
where  they  are 
often  found  in  ex- 
traordinary abun- 
dance.  They 
measure  0.2-0.33 
mm.  by  7-11  y 
(L  o t h r o p a n d 
Pratt,  0.26-0.3 
mm.  by  6-8  y). 

Twelve  hours  af- 
ter being  taken 
into  the  stomach 
of  a mosquito  one 
finds  side  by  side 
free  embryos  and 
e m p t y sheaths. 

By  the  next  day 
the  embryos  have 
traversed  the  wall 
of  the  stomach 
and  are  in  the  tho- 
racic muscle.  At 

the  end  of  eleven  days  they  are  20-25  y broad  and 
more  than  580/:  long.  At  seventeen  to  eighteen  days 
they  begin  to  leave  the  muscles  and  migrate  into  connec- 
tive tissue  in  front  of  the  prothorax.  Such  larvae  are 


Fig.  3548. — Metamorphosis  of  Filaria  Ban- 
crofti in  Thorax  of  Mosquito.  .4.  Just  in- 
posted  : .1'.  posterior  end;  II.  live  da\«  10  : 
6,  ten  days  old;  JD,  sixteen  days  old.  (After 
T.  L.  Bancroft,  except  A'  after  Manson.) 
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more  slender  than  before,  18-20  g.  in  diameter.  These 
larvae  show  an  alimentary  canal  with  oesophagus  well 
differentiated  and  rudiments  of  the  reproductive  appa- 
ratus. While  some  remain  in  muscles  even  up  to  the  fif- 


Fig.  3549.— Larvae  of  Filaria  Baticrofti  Passing 
from  Thorax  to  Proboscis  of  Mosquito,  e.  Larvae ; 
i,  labium ; p,  palpus.  ( Modified  after  Manson.) 


tietli  day,  the  most  are  gone.  By  even 
the  twentieth  day  larvae  have  penetrated 
the  head  and  proboscis  in  sections  of 
which  they  appear  crowded  into  the  cav- 
ity headed  toward  the  point  (Fig.  3549). 

Like  the  malarial  organism  they  are  inocu- 
lated directly.  The  last  stage  of  development  occurs  in 
the  skin;  they  become  adult  and  copulate  there;  thus  the 
variable  position  of  lesions  of  elephantiasis  are  explained. 
In  Anopheles  James  finds  that  the  transformation  re- 
quires only  from  twelve  to  fourteen  days,  and  the  activ- 
ity of  the  embryos  does  not  cease.  According  to  the  same 
author  the  broad  inactive  form  measures  71-53  g long 
and  the  slender  active  form  151-132  g long  and  2.6  g 
broad;  in  this  latter  stage  the  oesophagus  is  two-fifths 
and  the  tail  one-third  of  the  entire  length. 

Bancroft  and  Manson  suggested  almost  simultaneously 
that  the  mosquito  might  serve  as  a carrier  of  the  embry- 
onic filariae  in  the  blood.  Manson,  however,  first  ob- 
served the  changes  which  these  embryos  undergo  in  the 
mosquito.  He  allowed  mosquitoes  to  suck  the  blood  of 
filarial  subject,  and  found  at  first  that  the  embryos  are 
within  a delicate  sheath  or  membrane,  apparently  almost 
structureless;  later,  there  becomes  evident  a marked 
transverse  striation,  and  the  sheath  is  ruptured  by  the 
worm  forcing  its  cephalic  end  against  it.  Once  free 
from  the  sheath,  the  embryo  bores  through  the  stomach 
wall  of  the  insect  and  wanders  into  the  thoracic  muscles. 
The  embryos  which  emigrate  to  the  thoracic  cavity  do  so 
as  soon  as  they  are  withdrawn  from  the  human  host; 
those  found  some  hours  later  in  the  mosquito’s  stomach 
are  such  as  by  immaturity  or  injury  are  not  destined  to 
metamorphose,  and  changes  in  such  are  retrogressive. 

According  to  one  view  the  worm  escapes  by  boring  its 
way  out  at  the  time  the  mosquito  is  depositing  her  eggs 
on  the  water,  or  by  breaking  out  from  dying  mosquitoes 
which  fall  into  a pool,  and  that  the  infection  of  the  hu- 
man host  is  brought  about  by  drinking  such  water  as 
contains  well-developed  embryos.  It  is  further  sup- 
posed that  these  young  worms  then  bore  their  way 
through  the  human  intestinal  wall  and  attain  maturity 
at  some  suitable  point.  Copulation  here  is  followed  by 
the  production  of  swarms  of  embryos.  In  objection  it 
may  be  urged  that  Bancroft  has  shown  water  to  be  fatal 
to  the  embryos  in  the  course  of  three  or  four  hours,  and 
that  hence  it  cannot  be  the  medium  by  which  they  reach 
the  human  subject.  He  also  says  the  embryos  never  es- 
cape naturally  from  the  mosquito’s  body  even  if  in  water. 
The  other  hypothesis  as  to  later  development  is  that  the 
infection  takes  place  when  the  mosquito  containing  the 
fully  developed  embryos  is  sucking  blood,  and  Bancroft 
has  proved  the  migration  of  such  embryos  from  the 
thoracic  muscles  into  the  labium,  from  which  he  believes 
they  escape  at  a definite  point  at  the  tip  to  penetrate  the 
body  of  the  new  host.  Grassi  believes  that  the  larvae  es- 
cape from  the  bent  labium  in  the  act  of  biting  by  rupture 
of  thecuticula.  This  part  of  the  life  history  hasnot  been 
cleared  up  as  yet. 

In  the  transmission  of  embryos  certain  species  of  mos- 


quito only  are  culpable;  among  such  are  Culex  fatigans 
in  Australia,  Anopheles  Rossii  in  India,  probably  also 
Anopheles  musivus ; this  genus  James  regards  as  the  proper 
intermediate  host,  since  in  it  the  development  is  more 
rapid.  In  case  the  embryos  are  taken  up  by  any  unsuit- 
able species  of  mosquito  they  are  digested  in  the  stomach ; 
or  if  a few  individuals  succeed  in  wandering  out,  they 
are  absorbed  in  the  muscles. 

Distribution. — Tropical  Asia,  Africa,  America,  and 
Australia  are  all  infected.  In  Samoa  and  some  other 
South  Pacific  Islands  this  parasite  is  particularly  abun- 
dant, as  much  as  fifty  per  cent,  of  the  population  being 
infected. 

The  first  mention  of  this  parasite  in  the  United 
States  was  made  by  Salisbury  in  1868,  who  found 
the  ova  in  the  urine.  Some  years  later  (1886)  Guite- 
ras  called  attention  to  the  presence  of  the  embryos  in 
the  South,  reporting  four  cases  from  Key  West  and 
one  from  Charleston,  S.  C.  Only  a little  later  De  Saus- 
sure  published  a clinical  history  of  twenty -two  cases, 
also  from  Charleston.  Since  then  many  cases  have 
been  reported  in  the  Gulf  and  South  Atlantic  States, 
many  of  which  have  been  undoubtedly  imported,  but 
indigenous  cases  are  not  wanting,  and  one  concerns  a 
woman  who  had  always  lived  in  Pennsylvania.  The 
last  account  by  Lothrop  and  Pratt  gives  a most  exten- 
sive and  valuable  study  of  two  cases  in  Boston  imported 
from  the  Barbadoes,  and  includes  important  new  data  on 
the  characteristics  of  the  adult  worms. 

Pathology. — The  adult  worm  was  first  found  in  1876, 
by  the  elder  Bancroft,  in  a lymphatic  abscess  of  the  arm 
and  subsequently  in  a hydrocele.  The  two  sexes  are 
found  coiled  together,  and  probably  live  for  some  time. 
Since  then  1 his  discovery  has  been  abundantly  confirmed. 
Manson  has  shown  that  the  species  normally  occurs  in 
the  lymphatic  vessels,  and  that  the  embryos,  as  well  as 
the  adults,  rarely  also  gain  the  circulation  by  way  of  the 
thoracic  duct.  The  embryonic  blood  filar  he  were  first 
observed  by  Demarquay,  of  Paris,  in  a man  from  Ha- 
vana, who  was  suffering  from  chylocele.  The  name 
F.  sanguinis  liominis , first  used  for  these  embryos  by 
Lewis  in  India,  has  been  applied  to  several  different  em- 
bryos, which  Manson  has  distinguished  by  appropriate 
names.  Whether  they  belong  to  different  species  or  are 
stages  of  development  in  one  or  two  forms  is  still  unset- 
tled, though  I am  inclined  to  accept  their  specific  inde- 
pendence. Such  embryos  have  been  reported  from  urine, 
tears  ( ?),  and  secretion  of  the  Meibomian  glands  as  well  as 
from  the  blood  in  cases  of  chyluria  and  elephantiasis,  anil 
also  in  apparently  healthy  individuals.  In  the  Barbadoes 
nearly  thirteen  per  cent,  of  the  persons  examined  were 
infected,  and  yet  two-thirds  of  the  infected  cases  mani- 
fested no  external  sign  of  the  disease. 

Manson  was  also  the  first  to  establish  the  periodicity  of 
the  embryos,  as  those  of  this  species  appear  in  the  blood 
toward  evening,  increase  in  numbers  during  the  night, 
and  disappear  in  the  morning.  Manson  views  the  “ filar- 
ial periodicity  as  an  adaptation  of  the  habits  of  the  filaria 
to  those  of  the  mosquito,  the  intermediary  host  indispens- 
able to  the  future  life  of  the  parasite.”  But  since  it  has 
been  shown  that  by  reversing  the  period  of  sleep  the 
habits  of  the  embryo  filariae  may  be  reversed  also,  the 
explanation  of  von  Linstow  airpears  more  probable, 
namely,  that  the  tonus  of  the  capillaries  is  reduced  dur- 
ing sleep ; and  thus  the  embryos,  which  are  too  large  to 
enter  them  during  the  day,  find  entrance  possible  owing 
to  the  increased  size  of  the  vessels.  Manson  found  the 
embryos  massed  in  large  arteries  and  irregularly  scattered 
through  the  capillaries  in  the  day  time. 

The  presence  of  embryos  in  the  blood  is  evidence  of 
the  parasitism  of  the  adult  in  some  part  of  the  lymph 
system.  The  duration  of  life  of  both  adult  and  larvae  is 
entirely  unknown ; for  the  former,  however,  it.  is  certainly 
several  years.  So  far  as  known  the  embryos  do  not  bring 
about  pathological  changes,  though  leucocytosis  with  an 
increase  of  eosinophiles  is  noted  in  early  stages,  to  disap- 
pear later.  The  adults  occlude  large  lymphatics  and 
produce  lymph  stasis  with  resulting  dilatation  of  the  lym- 
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pliatics.  The  clinical  manifestations  depend  upon  lym- 
phatic obstructions  and  give  rise  to  both  general  symp- 
toms and  local,  which  latter  vary  widely  according  to 
the  part  involved  and  to  possible  modification  by  infec- 
tive processes. 

An  estimate  has  been  made  of  from  forty  to  fifty  millions 
of  embryos  in  the  blood  of  a single  man,  and  yet  the  in- 
dividual suffered  no  apparent  effect.  It  must  be  said, 
however,  that  the  results  of  the  parasite  are  brought 
about  gradually;  they  are  primarily  a varicose  condition 
of  the  lymphatics,  giving  rise  to  various  conditions,  such 
as  cliyluria,  varicose  inguinal  glands,  lymph  scrotum, 
cliylocele,  lymphangitis,  elephantiasis  ((/.  «.).  In  the 
latter  it  is  probable  that  the  obstruction  to  the  flow  of 
the  lymph  produces  mechanically  the  distention  and  ex- 
cessive growth  of  such  parts  as  arm,  leg,  scrotum,  which 
is  characteristic  of  the  disease. 

For  examination  Manson  recommends  a thick  film  of 
blood  drawn  at  8 to  9 p.m.,  when  the  embryos  are  most 
numerous.  Fixing  is  unnecessary  and  the  stain  (fuchsia, 
gentian  violet)  is  made  by  adding  a few  drops  of  an  al- 
coholic solution  of  the  dye  to  a watch  glass  of  water. 
Overstaining  is  reducible  by  dilute  acetic  acid. 

Prevention. — The  protection  of  drinking-water  from 
contamination  by  mosquitoes  is  strongly  to  be  advised, 
and  the  case  of  the  Friendly  Islands  is  cited  as  evidence  of 
the  value  of  this  measure.  There  forty  per  cent,  of  the 
males  are  affected  by  filarise,  all  the  people  drinking 
from  open  pools;  but  the  chiefs  who  have  closed-water 
tanks  rarely  acquire  the  disease.  It  may,  however,  be 
urged  in  favor  of  mosquito  inoculation  that  the  chiefs 
are  also  least  subject  to  mosquito  bites.  Iia  any  event, 
the  protection  of  drinking-water  and  the  destruction  of 
useless  pools  will  certainly  reduce  the  number  of  mos- 
quitoes, and  consequently  the  extent  of  the  disease, 
whether  transmitted  through  drinking-water  or  by  direct 
inoculation  of  a mosquito. 

It  must  be  noted  that  the  presence  of  an  infected  indi- 
vidual is  a distinct  menace  to  the  health  of  a community, 
since  the  widespread  distribution  of  mosq  uitoes  capable 
of  acting  as  the  intermediate  host  insures  1 he  possibility, 
and  under  some  circumstances  the  certainty,  of  wider 
transmission  of  the  disease.  There  is  little  doubt  that 
the  cases  recorded  from  the  Southern  United  States  are 
primarily  traceable  to  such  introduction  from  the  West 
Indies.  The  same  explanation  liesnear  at  hand  for  those 
occasional  cases  which  have  been  recorded  in  various  lo- 
calities, both  here  and  abroad. 

Filaria  Magalhaesi  R.  Blanchard  1895. — (Syn. : F.  Ban- 
crofti  Magalhaes  1892  nec  Cobbold  1877.) 

Body  slender,  elastic,  resistant;  cuticula  heavy,  cross 
striated.  Female,  155  mm.  long,  0.33  mm.  broad  at 
head,  0.285  mm.  at  neck,  0.7  mm.  in  maximum;  vulva 
2.56  mm.  from  cephalic  extremity.  Male,  83  mm.  long. 
0.407  mm.  broad;  tail  with  double  spiral,  on  each  side 
four  preanal  and  four  large  postanal,  papillre  of  mul- 
berry form  (Fig.  3550) ; smaller  ( ?)  spicule  0.23  mm.  long, 
longer  unknown.  Eggs  38  by  14// ; embryos  0.3-0. 35  mm. 
long  and  5//  broad  with  transversely  striated  cuticula. 

Of  this  form  Magalhaes  discovered  in  Rio  Janeiro  two 
adults  in  the  left  cardiac  ventricle  of  a man  in  whose 
blood  embryonic  filari®  were  also  present.  It  was  at 
first  wrongly  assigned  to  F.  Bancrofti,  from  which  it  is 
easily  distinguished  by  the  above  characteristics.  Like 
all  Nematoda  living  in  the  heart  the  cuticula  is  tough  to 
resist  the  powerful  blood  pressure,  the  body  being  like 
catgut,  whereas  F.  Bancrofti  is  delicate  and  easily  torn. 
The  proportions  of  embryos  and  adults  also  differ  ma- 
terially. 

The  life  history  is  unknown. 

F.  perstans  Manson  1891. — (Syn. : F.  sanguinis  hominis 
minor  Manson.) 

The  embryos,  which  have  been  known  for  some  time, 
are  found  in  the  blood  at  all  hours.  They  have  no 
sheath,  and  measure  only  0.18-0.23  mm.  long  by  4.5 g 
broad,  being  thus  much  smaller  than  those  previously 
described.  Their  continued  presence  in  the  capillaries 
may  be  due  to  this  fact.  The  head  is  armed  with  a mi- 


nute, exceedingly  delicate  filiform  spine  set  on  a papilla. ; 
this  structure  may  be  protruded  and  retracted  rapidly. 
The  embryo  not  only  wriggles  actively,  but  also  travels 
about  very  rapidly.  It  is  not  numerous,  but  may  be 
found  in  company  with  F.  nocturna  and  F.  diurna. 

The  adult  was  found  by  Daniels  in  a native  of  British 
Guiana,  in  whose  blood  both  blunt-  and  sharp -tailed  (F. 
Ozzardi)  embryos  were  present.  A male  and  a female  lay 
in  subperitoneal  connective  tissue.  Manson  also  found 
an  adult  in  one  case  of  “sleeping  sickness.”  Among  the 
negroes  on  the  west  coast  of  Africa  from  one-third  to 
one-half  are  infected,  and  most  such  shew  the  earlier 
symptoms  of  this  disease  in  nearly  all  cases  of  which  F. 
perstans  is  present.  Yet  this  parasite  is  found  in  appar- 
ently healthy  individuals,  so  that  its  etiological  relation 
to  the  disease  mentioned  is  still  a matter  of  doubt. 

F.  Ozzardi  Manson  1897. — Male,  45  mm.  long,  0.06  mm. 
broad;  female,  70-80  mm.  long  by  0.12  mm.  broad.  Em- 
bryos in  blood,  without  sheath,  sharp-tailed,  0.173-0.240 
mm.  long  by  4-5  g broad. 

The  embryos  were  originally  reported  from  the  blood 
of  Carib  Indians  from  British  Guiana,  and  were  present 
in  about  fifty  per  cent,  of  the  cases  examined.  At  first 
both  sharp-  and  blunt-tailed  embryos  were  found  together 
and  were  regarded  as  developmental  stages  of  one  species. 
Daniels  found  adults,  chiefly  females,  in  the  mesentery, 
and  in  fat  at  various  points  in  the  peritoneal  cavity ; and 
in  a later  case  two  sets  of  adults,  the  one  which  is  re- 
garded here  as  belonging  to  this  species,  and  the  other, 
which  was  viewed  by  Manson  as  F.  perstans,  to  which 
the  blunt-tailed  embryos  are  also  assigned.  The  relation 
of  the  adults  to  these  embryos  is  still  a matter  of  consid- 
erable doubt. 

In  addition  to  the  foregoing  there  are  also  several  spe- 
cies of  Filaria,  known  only  by  the  embrj'onic  form  which 
inhabits  the  blood.  While  von  Linstow  regards  them  all 
as  developmental  phases  of  one  species,  I cannot  concur 
in  a conclusion  so  widely  at  variance  with  their  differ- 
ences in  structure,  habits,  and  distribution.  They  may 
be  briefly  noted  as  follows: 

Filaria  diurna  Manson  1891. — Only  free  embryos  of 
this  species  have  been  observed.  They  were  found  in 
the  blood  of  negroes  from  the  west  coast  of  Africa.  They 
appear  in  the  peripheral  circulation  about  8 a.m.,  in- 
crease in  numbers  until  noon,  and  decrease  later,  to  dis- 
appear by  9 p.m.  The  periodicity  was  maintained  for 
some  weeks.  As  adults  of  F.  Ion  were  found  in  one  of 
the  cases,  Manson  regards  it  as  likely  that  F.  diurna  is 
the  larval  form  of  that  species. 

Filaria  Demarquayi  Manson  1891. — The  embryos  of 
this  species  were  found  in  the  blood  of  apparently  heal  thy 
natives  of  St.  Vincent,  and  later  also  of  St.  Lucia,  West 
Indies,  and  of  New  Guinea.  They  have  also  been  re- 
ported very  recently  from  other  local- 
ities in  the  West  Indies.  They  re- 
semble the  embryos  of  F.  Bancrofti  in 
general  appearance;  they  are,  how- 
ever, only  half  so  large  (in  dry  smears) 
and  they  are  without  a sheath.  Their 
presence  in  the  superficial  capillaries  is 
constant  day  and  night. 

For  convenient  reference  the  char- 
acteristics of  the  blood  filarise  may  be 
given  here  in  tabular  form  (p.  216)  so 
far  as  they  have  been  determined. 

Filaria  romanorUm-orien tails  Sarcani 
1888  is  a species  observed  in  the  blood 
of  a Roumanian  woman.  The  parasite 
measured  1 mm.  long  by  0.03  mm. 
broad,  and  had  an  alimentary  canal 
and  well  developed  sexual  organs. 

Family  of  the  Trichoceplialidae. 

Body  extremely  elongated  with  two 
distinct  regions,  the  longer  anterior 
very  slender  and  the  shorter  posterior  more  or  less  en- 
larged. Oesophagus  very  long,  anus  terminal.  Males 
sometimes  without  a spicule,  more  often  with  a single 
simple  one  which  possesses  a sheath.  Female  with  sim- 


Fig.  .35.50. —Tail  of 
Male  Filaria  Ma- 
galhaesi.  Magni- 
fied. (After  von 
Linstow.) 
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Characteristics  op  Blood  Filarle. 


Species 

F.  cliurna 

F.  nocturna 

F.  perstans 

F.  volvulus 

F.  Demarquayi 

F.  Ozzardi 

7.5  m ‘... 

4—5  ju.. 
Absent. 

Head 

Six-lipped  armature 
One-flfth  taper 
(sharp?). 

Indistinct  central 
granular  mass. 

Papi  Hated  

Rdunded  

Retractile  spine  . . . 

Tail 

Truncated 

Sharp,  one- fifth 
taper. 

Central  granular 
mass. 

Sharp. 

Body 

Central  granular 
mass. 

No  central  granu- 
lar mass. 

Present,  0.052  mm. 

pie  ovary;  vulva  at  junction  of  the  two  regions  of  the 
body;  eggs  with  peculiar  translucent  plug  in  the  shell 
at  each  pole.  Development  direct  and  without  ecdysis. 


c 


Fig.  3551. — Trichocephalus  trichiurus.  a , Egg;  t>,  female;  c,  male 

with  anterior  end  embedded  in  mucosa ; sp,  spicules.  (After 

Claus.) 

Of  the  half-dozen  genera  only  two  are  important  here, 
but  they  include  two  of  the  commonest  and  the  most 
feared  of  human  parasites. 

Trichocephalus  Goeze  1782. — Anterior  region  very  long 
and  filiform;  posterior  region,  which  contains  the  intes- 
tine and  reproductive  organs,  short,  sharply  set  off  from 
anterior  and  markedly  inflated.  In  the  male  it  is  rolled 
into  a spiral;  one  spiculum  with  infundibuliform  sheath. 
In  the  female  the  posterior  regions  are  lightly^  bent,  but 
not  in  a spiral.  Parasitic  in  the  large  intestine  and  caecum 
of  mammals. 

Trichocephalus  trichiurus  (L.  1771). — (Syn. : Ascaris 
trichiura  L.  1771;  Trichocephalos  Goeze  1782;  T.  liomi- 
nis  Schrank  1788 ; T.  dispar  Rud.  1801 ; Mastigodes  homi- 
nis  Zeder,  1808.) 

Male,  40-45  mm.  long,  with  strongly  attenuated  ante- 
rior region  comprising  three-fifths  of  the  total  length. 
Spicule  single,  2.5  mm.  long,  located  in  a spinous  pro- 
tractile sheath ; posterior  region  in  a flattened  spiral. 
Female,  45-50  mm.  long,  with  attenuated  anterior 
region  two-tliirds  of  total  length.  Eggs,  51-53 /« long  by 
21-23 /<  wide,  brownish,  tliick-slielled,  with  polar  knobs, 
and  deposited  before  cleavage  begins  (Fig.  3551). 

The  striking  appearance  of  this  genus,  a single  species 
alone  of  which  is  parasitic  in  man,  is  due  largely  to  the 
regions  of  the  body.  The  filiform  region  contains  only 
the  oesophagus,  leaving  the  remainder  of  the  alimentary 
canal  and  all  the  reproductive  organs  for  the  greatly  en- 
larged posterior  region  in  which  the  transparency  of  the 
body  wall  permits  one  to  recognize  the  various  structures 
even  in  the  living  worm.  The  orifice  of  the  vagina  lies 
near  the  level  of  the  transition  from  oesophagus  to  mid- 
gut. 

Life  History.' — The  eggs  are  produced  in  large  num- 
bers, four  hundred  thousand  annually  by  a single  female 


(Leuckart),  and  undergo  no  development  until  they  have 
passed  out  of  the  human  body.  Cleavage  takes  place  in 
water,  but  only  at  the  end  of  some  months  or  even  more 
than  a year.  The  eggs  are  well  protected  by  the  heavy 
shell  from  adverse  circumstances,  so  that  Davaine  has 
kept  embryos  living  within  them  for  five  years.  The 
introduction  of  these  embryos  still  within  the  shell  is  or- 
dinarily brought  about  through  drinking-water,  though 
Blanchard  suggests  the  evident  possibility  of  their  intro- 
duction on  salads 
and  uncooked  vege-' 
tables.  In  the  hu- 
man stomach  the 
shell  is  dissolved 
and  the  embryos  are 
set  at  liberty  to 
reach  sexual  matu- 
rity at  the  end  of  a 
few  weeks,  as  has 
been  definitely  es- 
tablished by  the  ex- 
periments of  Grassi. 

Distribution. — 

This  is  one  of  the 
commonest  para- 
sites of  man,  being 
distributed  over  practi- 
cally the  entire  earth, 
though  more  abundant  in 
the  warmer  regions.  Lo- 
cal variations  in  its  fre- 
quency are  noteworthy. 

Braun  cites,  as  records  of 
autopsies,  its  presence  at 
Dresden  as  2.5  per  cent., 
at  Erlangen  11.1  per 
cent.,  at  Kiel  31.8  per 
cent.,  at  Munich  9.3  per 
cent.,  at  St.  Petersburg 
0.18  per  cent.,  at  Gottin- 
gen 46.1  per  cent.,  at 
Basel  23.7  per  cent.,  at 
Greenwich  68  per  cent., 
at  Dublin  89  per  cent.,  at 
Paris  50  per  cent.,  and  in 
Southern  Italy  near  100 
per  cent.  This  species  is 
growing  rarer  in  Paris  ac- 
cording to  statistics  avail- 
able, and  probably  else- 
where also,  owing  to  the 
disuse  of  surface  water  for 
drinking. 

Pathology.  — Trichoce- 
phalus trichiurus  inhab- 
its the  human  ctecum  or- 
dinarily, but  rarely  also 
the  vermiform  process  and 
colon,  and  may  be  found 
in  persons  of  all  ages,  even 
occurring  in  infants  of  a 
year  old. 

Usually  only  a few  in- 
dividuals are  present  in  a single  host,  but  in  some  cases 
as  many  as  one  thousand  parasites  have  been  found  at 


Fig.  3552.— Intestinal  Trichina.  A. 
Female  with  embryos;  B,  male, 
X 80.  (After  Heller.) 
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once.  Normally  they  occur  with  the  filiform  anterior 
region  embedded  in  the  mucosa,  and  recent  investiga- 
tion tends  to  demonstrate  that  such  as  are  found  free  in 
the  canal  have  been  driven  out  by  post-mortem  changes. 

This  species  has  been  regarded  earlier  as  playing  a 
pathogenic  role  in  typhoid,  chol- 
era, and  beri-beri,  and  more  re- 
cently all  pathogenic  significance 
has  been  denied  it.  Though  the 
presence  of  a few  does  not  occa- 
sion pathogenic  symptoms,  yet 
since  Askanazy  has  shown  the  oc- 
currence of  haemoglobin  in  the 
alimentary  canal  of  these  worms, 
the  fact  that  they  nourish  them- 
selves on  the  blood  of  the  host 
cannot  he  doubted.  In  occasional 
severe  cases  noteworthy  depres- 
sion, suppression  of  the  urine,  with 
fever,  cardiac  weakness,  and  often 
nervous  symptoms,  have  been 
noted. 

Treatment  is  said  to  be  difficult, 
and  naphthalin,  thymol,  and  pel- 
letierine  have  been  used  with  only 
moderate  success.  A later  writer 
commends  santonin  as  rapid  and 
effective. 

Prophylaxis. — Care  in  obtaining  drinking-water  and 
in  selecting  and  cleansing  uncooked  vegetables  will  evi- 
dently limit  the  spread  of  the  parasite. 

Trichinella  Railliet  1896.  — (Syn. : Trichina  Owen 
1835.) 

Very  small,  slender,  without  marked  distinction  of  re- 
gions in  body.  Male  without  spicule,  but  with  lateral 
appendages  at  posterior  end,  as  if  a poorly  developed 
bursa  were  present.  Female  ovoviviparous;  vulva  at 
anterior  fifth  of  body.  Only  a single  species. 

Trichinella  spiralis  Rail!.  1896. — (Syn. : Trichina  spi- 
ralis Owen  1835.) 

Male  (Fig.  3552,  B),  1.4-1. 6 mm.  long  by  0.04mm.  broad, 
without  spicules,  but  with  a short  conical  appendage  on 
either  side  of  the  cloaca,  behind  which  are  two  pairs  of 
papillae.  Female  (Fig.  3552,  A),  3-4  mm.  long,  0.06  mm. 
broad;  vulva  ventral  near  anterior  fifth  of  body;  anus 
terminal,  viviparous.  Fully  developed  larva,  0.8-1  mm. 
long  by  0.04  mm.  broad;  cyst  measures  0.4  by  0.25  mm. 

The  sexually  mature  parasite,  sometimes  called  the  in- 
testinal trichina,  inhabits  the  small  intestine  of  man  and 
various  other  mammals.  The  larval  form,  known  as  the 
muscle  trichina,  is  found  encysted  in  muscular  tissue. 

Easily  infected  are  man,  pig,  rat, 
mouse,  guinea-pig,  rabbit;  less  eas- 
ily sheep,  calf,  horse;  with  diffi- 
culty cat,  dog,  badger.  The  intes- 
tinal form  will  develop  also  in 
birds,  but  the  embryos  are  expelled 
with  faeces  and  do  not  reach  the 
muscles. 

History. — Encysted  trichinae  were 
first  noted  by  Peacock  in  London 
as  early  as  1828,  but  it  was  1835 
before  their  character  as  encapsu- 
lated entozoa  was  recognized  by 
Paget  and  the  parasite  described  by 
Richard  Owen.  The  presence  of 
encysted  trichinae  in  man  was  con- 
firmed by  a multitude  of  observa- 
tions from  various  countries,  and 
Joseph  Leidy  added  a most  impor- 
tant fact  in  the  discovery  of  sim- 
ilar worms  in  pork.  Feeding  ex- 
periments by  Leuckart,  Virchow, 
and  Kuchenmeister,  together  with 
the  observations  of  Zenker  on  a maid  that  had  died  of  ap- 
parent typhoid,  led  to  the  elucidation  of  the  life  history 
and  to  proper  estimation  of  the  pathogenic  character  of 
the  parasite  which  had  heretofore  been  regarded  as  harm- 


less or  as  the  immature  form  of  a Trichocephalus  or 
Strongylus.  Rapid  accumulation  of  isolated  cases  and 
of  epidemics  of  trichinosis,  almost  all  from  North 
Germany,  placed  beyond  question  the  etiological  sig- 
nificance and  importance  of  the  trichina. 

Life  History. — If  a portion  of 
flesh  containing  the  larval  worms 
is  eaten  by  a suitable  host,  the 
larvae  are  set  free  in  the  stomach 
and  pass  into  the  small  intestine. 
They  attain  sexual  maturity  in 
about  two  and  one-half  days,  cop- 
ulate, and  the  male  soon  dies. 
Two  opposed  views  as  to  the  dis- 
persal of  the  young  have  long  been 
held.  According  to  one  the  mi- 
gration of  the  embryos  is  an  ac- 
tive one  in  that  they  bore  their 
own  way  out  of  the  canal  and 
through  the  connective  tissues  to 
their  ultimate  seat.  The  other 
view,  however,  of  passive  trans- 
port by  the  blood  and  lymph 
streams  may  be  regarded  as  de- 
monstrated by  recent  work,  par- 
ticularly that  of  Graham,  whose 
account  is  followed  in  the  main 
here.  The  gravid  female  bores 
into  the  intestinal  wall  as  far  as  the  lymph  vessel. 
There  the  young  are  produced,  being  set  free  by  the 
female  into  the  lymph  stream,  which  carries  them  ul- 
timately into  striated  muscle  tissue.  At  birth  they 
measure  0.09-0.11  mm.  in  length  by  5-6//  in  width,  and 
at  the  close  of  this  migration  but  little  more,  being  then 
0.12-0.16  mm.  long.  In  eight  days  these  embryos  are  in 
the  intramuscular  connective  tissue  and  only  a few  days 
later  in  the  muscle  fibres  themselves  (Fig.  3555).  The 
fibres  lose  their  transverse  striation  and  undergo  granular 
and  fatty  degeneration.  The  embryo  increases  rapidly 
in  size,  and  rolls  into  a loose  spiral  in  an  expansion  of  the 
completely  degenerated  fibre.  By  the  action  of  the  sur- 
rounding connective  tissue,  in  which  connective-tissue 
corpuscles  and  leucocytes  are  contained,  a cyst  of  char- 
acteristic form  is  produced  (Fig.  3554).  It  is  thickened 
at  the  poles  and  measures  about  0.4 
mm.  by  0.25  mm.  in  diameter.  This 
process  occupies  several  weeks,  dur- 
ing which  later  broods  of  embryos 
are  produced,  since  each  female  lives 
five  to  seven  weeks  and  gives  birth  to 
from  eight  thousand  to  ten  thousand 
young.  Thus  in  the  early  stages  of 
an  infection  one  finds  in  the  muscle 
embryos  in  various  stages  of  develop- 
ment and  encystment,  side  by  side. 

Once  encysted  the  larvae  remain 
quiescent;  it  may  be  for  long  peri- 
ods. Thus  encysted  trichinae  have 
been  found  living  in  human  muscle, 
twenty-five  and  even  thirty-one 
years  after  the  presumed  infection. 

Not  infrequently,  though  perhaps 
not  always,  one  finds  evidences  of 
further  change  in  the  formation  of  a 
delicate  calcareous  layer  about  the 
cyst  (Fig.  3556).  In  some  cases  this 
encroaches  upon  the  larva  so  as  to 
produce  ultimately  a calcareous  nod- 
ule in  which  a remnant  alone  of  the 
worm  is  contained.  It  is  held  by  F“ri^a  Fifteen 
some  that  calcification  does  not  ensue  Days  After  infec- 

until  after  the  death  of  the  larva  from  tton.  x 165.  After 

unknown  causes.  Fatty  degeneration  Leuckart.) 
of  the  encysted  trichinae  can  also  be 
observed,  and  is  likewise  held  to  be  a pathogenic  process. 
Such  larvae  as  rarely  occur  in  connective  tissue  are  with- 
out the  characteristic  cyst,  but  appear  to  be  smothered 
in  a mass  of  proliferating  connective  tissue. 


Fig.  3553. — Fully  Developed  Muscle  Trichina  with  Ali- 
mentary Canal  and  Genital  Primordium,  Removed 
from  Cyst.  Magnified.  (After  Leuckart.) 
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While  it  has  been  determined  experimentally  that  a 
considerable  number  of  hosts  furnish  conditions  favor- 
able for  the  development  of  the  trichinae,  the  normal  host 
is  no  doubt  the  rat,  and  evidence  has  been  adduced  to 
prove  the  introduction  of  this  parasite  into  Europe  from 


Fig.  3556.— Muscle  with  Encysted  Trichinae  in  Process  of  Calcification. 

(After  Braun.) 

the  East  with  the  brown  or  Norway  rat.  The  method  of 
transmission  in  this  species  is  clear  when  one  recalls  that 
rats  are  cannibals  and  universally  make  way  with  aged 
or  infirm  members  of  the  tribe.  The  well-known  avid- 
ity with  which  pigs  catch  and  eat  rats  explains  the  in- 
fection of  swine,  and  it  is  from  this  source  that  man  is 
infected. 

Nearly  all  of  the  epidemics  of  trichinosis  on  record  are 
confined  to  North  Germany.  In  Saxony  from  1860-75 
there  were  39  epidemics  affecting  1,267  persons,  of  whom 
19  died;  at  Hedersleben  (1865),  a town  of  about  2,000  in 
habitants  only,  a total  of  337  were  sick  and  101  died;  at 
Emmersleben  (1883)  fully  one-tliird  died  among  those 
who  ate  the  infected  meat.  Stiles  has  given  a statistical 
review  of  trichinosis  in  Germany  during  recent  years, 
from  which  is  taken  the  following:  1860-1880 — 8,491 
cases,  513  deaths,  6 per  cent,  mortality;  1881-1898 — 
6,329  cases,  3l8  deaths,  5 per  cent,  mortality. 

From  the  table  of  separate  years  it  appears  that  there 
has  been  a general  decrease  in  trichinosis  in  Germany 
during  recent  years,  due  probably  to  general  education 
of  the  public  on  the  dangers  of  eating  raw  pork  as  well 
as  to  meat  inspection.  The  latter,  which  removes  from 
consumption  1,500  to  2,000  trichinous  hogs  annually,  is 
carried  out  in  a most  scientific  manner  by  an  army  of 
some  30,000  inspectors  and  microscopists,  at  an  annual 
cost  (estimated)  for  the  German  Empire  of  $3,000,000, 
while  for  the  city  of  Berlin  alone  the  cost  is  $80,000.  In 
spite  of  this  system  and  expenditure  security  from  trichi- 
nosis has  not  been  attained  even  for  the  meat  examined,  as 
the  following  table  shows,  according  to  which  more  than 
half  the  cases  of  this  disease  are  traceable  to  inspected 
meats. 

During  double  the  period  given  there  have  been  re- 
corded in  the  United  States  approximately  900  cases. 

Of  the  18  cases  and  3 deaths  alleged  to  have  been  due 
to  American  pork  during  1881-83,  neither  Virchow  nor 
others  have  accepted  the  evidence  as  tenable,  and  the 
careful  examination  made  by  Stiles  renders  it  clear  that 
the  attacks  upon  American  pork  found  in  the  German 
press  are  not  supported  by  German  health  statistics. 
While  the  inspection  doubtless  diminishes  chances  of  in- 
fection, it  certainly  gives  rise  to  a false  feeling  of  security. 


Summary  for  the  German  Empire  1881-98  Inclusive. 


Cases. 

Deaths. 

Meat  inspected  and  passed  as  tree 

2,042 

112 

Meat  condemned  but  used 

142 

13 

Due  to  defects  in  inspection  system 

1,204 

7 

Total  results  of  errors 

3,388 

132 

Inspection  uncertain 

63 

0 

No  inspection  of  meat  used 

874 

84 

Data  obscure  or  wanting 

1,968 

9S 

Said  to  be  due  to  American  meats 

18 

3 

Due  to  uninspected  Russian  meat 

18 

1 

6,329 

318 

For  the  years  1860-95  Stiles  has  collected  records  of 
about  900  cases  from  the  United  States.  Undoubtedly 
during  this  time  cases  have  been  diagnosed  as  atypical 
typhoid  or  rheumatism  which  were  in  reality  attacks  of 
trichinosis,  but  in  the  opinion  of  various  authors  there 
were  also  unrecorded  cases  in  Germany.  Nevertheless  it 
is  clear  that  there  is  a much  less  prevalence  of  the  disease 
here,  and  it  is  interesting  to  note  the  nationality  of  these 
cases  so  far  as  recorded. 


Table  of  Two  Hundred  and  Seventy-Four  American  Cases. 


Cases. 

Per 

cent. 

Cases. 

Per 

cent. 

208 

4 

1.5 

“ Foreign  ” 

37 

13.0 

French  Canadian  .... 

3 

1.0 

Negro 

10 

3.0 

fcfc  French  descent”  .. 

1 

.4 

4 

1.5 

1 

.4 

4 

1.5 

1 

.4 

Statistics  as  to  the  prevalence  of  trichinosis  are  given 
by  numerous  European  authorities  from  examinations 
made  at  autopsies.  The  results  vary  from  nothing  in 
France,  according  to  Blanchard,  to  about  two  per  cent, 
in  Germany,  according  to  various  authors.  These  fig- 
ures are  based  upon  macroscopic  examinations  in  large 
part  at  least,  and  Leuckart  with  others  has  remarked 
that  greater  success  would  follow  more  rigid  search.  In 
the  United  States  Williams  has  subjected  five  hundred 
and  five  cadavers  to  a careful  microscopical  study,  with 
the  result  that  twenty -seven  cases  were  found  to  be  in- 
fected, or  five  and  a third  per  cent.  One-third  of  them 
were  classed  as  severe,  and  only  two  were  evident  on  ex- 
amination with  the  naked  eye.  The  nationality  of  the 
cases  is  given  in  the  following  table,  which  is  sugges- 
tive, though  the  number  is  too  small  to  warrant  the  draw- 
ing of  final  conclusions: 


Posi- 

tive. 

Nega- 

tive. 

Total. 

Per  cent,  of 
positive 
cases 
in  each 
nationality. 

United  States,  white 

6 

201 

207 

2.89 

United  States,  colored 

5 

65 

70 

7.14 

British  and  Irish 

5 

57 

62 

8.06 

Canadian 

2 

10 

12 

16.66 

German 

6 

43 

49 

12.24 

Italian 

2 

10 

12 

16.66 

Other  nationalities 

0 

27 

27 

0.00 

Unknown 

1 

65 

66 

1.51 

27 

47S 

505 

5.34 

The  infection  of  rats  varies  so  widely  in  different  locali- 
ties that  little  dependence  can  be  placed  on  figures  here- 
tofore given  from  the  examination  of  small  numbers  of 
individuals.  The  examination  of  pigs  shows  in  Boston 
4-5.7  per  cent,  infected  (Billings),  in  United  States  army 
2.1  per  cent.  (Muller),  in  various  German  districts  from 
1.5  per  cent,  to  0.1  per  cent.  The  records  of  Mark  show 
distinctly  that  reasonable  hygienic  conditions  reduce  the 
percentage  of  infection  among  pigs  enormously,  even  in 
a few  years. 
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The  trichinae  are  found  most  abundantly  in  the  muscles 
of  the  diaphragm,  tongue,  and  neck,  and  are  present  at 
times  in  incredible  numbers,  estimated  by  Leuckart  at 
from  thirty  to  forty  millions  for  a single  host  (man). 
Diagnosis  of  the  disease  may  be  positively  confirmed  by 
the  discovery  of  embryos  in  bits  of  muscle  removed  from 
the  patient  by  scalpel  or  special  harpoon. 

The  occurrence  of  other  nematodes  of  somewhat  simi- 
lar size  and  appearance,  the  so-called  false  trichinae,  in 
the  muscles  and  other  organs  of  hare,  rat,  mouse,  bird, 
fish,  and  even  man  (cf.  case  of  Cobbold  above,  under 
Leptodera  terricola ) make  it  imperative  that  the  determi- 
nation be  made  with  care  in  suspected  cases  of  trichino- 
sis. Of  definite  diagnostic  value  is  the  so-called  “cell 
body  ” of  the  (esophagus,  which  is  prominent  in  the  an- 
terior pointed  region  of  the  worm  and  which,  though 
varying  in  length,  is  easily  recognizable  in  all  stages  of 
growth  and  in  both  sexes  (Fig.  3553). 

Prophylaxis. — Man  acquires  the  disease  by  the  con- 
sumption of  pork,  in  which  are  found  living  trichina;. 
The  chance  of  infection  from  all  other  animals  is  utterly 
inconsiderable,  though  a recent  German  author  calls 
attention  to  the  necessity  of  submitting  dog  meat  to  in- 
spection on  account  of  its  rapidly  increasing  use  as  food. 
It  has  also  been  proved  that  salting,  smoking,  and  other 
methods  of  curing  ham  do  not  afford  a guarantee  for  the 
death  of  trichina;  which  may  be  present.  Two  preven- 
tive methods  have  been  suggested.  The  first  is  followed 
by  Germany  in  her  system  of  meat  inspection ; as  already 
noted  the  system  is  expensive  and  does  not  afford  ab- 
solute protection.  Furthermore,  unless  the  number  of 
trichinae  present  is  enormous  so  that  pathological  changes 
have  been  induced  in  the  flesh,  the  destruction  of  the 
meat  constitutes  an  unnecessary  loss  of  valuable  food 
material.  The  second  method  of  preventing  the  disease 
is  the  thorough  cooking  or  curing  of  the  meat  so  as  to 
destroy  the  trichinae.  A temperature  of  70°  C.  is  suffi- 
cient to  kill  the  encysted  parasites,  but  in  order  that  the 
centre  of  a piece  of  meat  may  reach  this  temperature 
cooking  must  be  prolonged.  One  may  determine  the 
sufficiency  of  the  cooking  by  the  uniform  clear  gray 
color  of  a cut  surface  and  the  absence  of  red  juice  under 
pressure  of  the  knife.  This  individual  prophylaxis  is 
both  most  reasonable  and  most  effective;  for  the  con- 
sumption of  well-cooked  pork  is  free  from  danger. 

The  old-fashioned  slaughterhouse,  at  which  the  refuse 
was  thrown  to  pigs  and  fell  in  part  also  to  the  rats  infest- 
ing the  place,  was  a serious  menace  to  the  health  of  the 
community,  and  offered  the  most  admirable  conditions 
for  the  rapid  multiplication  of  parasites,  especially  these. 
On  the  other  hand,  the  great  modern  packing  establish- 
ments, in  which  all  scraps  are  utilized  under  methods 
that  destroy  the  life  of  any  parasites  present,  are  impor- 
tant agents  in  the  limitation  of  this  disease  and  in  the 
general  improvement  of  public  health.  Proper  methods 
of  slaughtering,  curing,  and  preparing  pork,  and  the 
abandonment  of  the  unsanitary  custom  of  eating  the  flesh 
of  the  pig  uncooked  are  the  true  methods  for  the  sup- 
pression of  the  disease. 

Family  of  the  Strongylidse. — Body  elongated,  cylindri- 
cal, rarely  filiform;  alimentary  canal  complete;  mouth 
provided  with  six  papilhe,  sometimes  in  the  axis  of  the 
body,  sometimes  turned  toward  the  dorsal  or  ventral  sur- 
face, and  frequently  armed  by  chitinous  teeth ; oesophagus 
more  or  less  enlarged  at  the  posterior  end,  but  not  pro- 
vided with  a distinct  bulb;  sexes  separate;  male  with 
caudal  sac  or  bursa  in  shape  like  a saucer,  or,  if  deeper, 
a bell  encircling  the  end  of  the  body.  One  or  two  spic- 
ules project  from  it,  and  the  ribs  or  rays  which  mark  its 
surface  have  characteristic  arrangements  in  different  spe- 
cies. The  margin  of  this  sac  may  be  notched  or  deeply 
cut,  so  that  it  appears  to  consist  of  two  separate  parts ; near 
the  male  orifice  a small  number  of  papillte  are  often 
found.  Female  with  one  or  two  ovaries;  female  sexual 
opening  very  variable  in  position.  The  eggs  when  laid 
have  undergone  at  least  part  of  their  development. 

Strongylus  apri  (Gmelin  1789). — (Syn. : Gordius  pul- 
monalis  apri  Ebel  1777;  Ascaris  apri  Gmelin  1789;  Sir, 


mis  Rud.  1809 ; Sir.  paradoxus  Mehlis  1831  ; Sir.  elon- 
gatus  Duj.  1845;  Str.  longevaginatus  Dies.  1851;  Meta- 
strongylus  paradoxus  Molin  1860.) 

Male,  12-25  mm.  long,  bursa  bilobed,  five  ribs  in  each 
lobe,  spicules  very  long  and  slender,  measuring  2.5-4 
mm.  in  length.  Female,  20-50  mm.  long,  with  short 
fish-hook  tail  at  the  base  of  which  lies  the  anus  and  just 
in  front  of  it  the  vulva  on  a rounded  eminence.  Eggs 
ellipsoid,  0.06-0.1  mm.  long  by  0.04-0.07  mm.  broad; 
when  laid  they  contain  well-developed  embryos. 

The  parasite  inhabits  commonly  the  bronchi  and  bron- 
chioles of  pig,  sheep,  and  occasionally  also  man.  Dies- 
ing reported  it  first  from  a six-year-old  boy  in  Klausen- 
burg;  Chatin  found  some  individuals,  probably  by 
accident,  in  the  alimentary  canal  of  a patient  in  France. 

The  observation  of  Rainey  and  Bristowe  on  nematode 
embryos  from  the  larynx,  which  they  called  Filar  in  tra- 
chealis,  points  to  this  speqies  even  if  an  exact  determina- 
tion is  impossible.  Its  abundant  occurrence  in  the  pig 
in  Europe,  and  its  extreme  rarity  in  man  point  to  some 
feature  in  the  unknown  life  history,  which  renders  hu- 
man infection  improbable. 

> Strongylus  subtilis  Looss  1895. — Body  very  slender  and 
delicate,  cuticula  finely  striated,  oral  papilhe  inconspic- 
uous; buccal  cavity  inf undibuliform ; oesophagus  nearly 
one-sixth  as  long  as  the  body.  Male  with  inconspicuous 
ala;  at  anterior  end,  4-5  mm.  long,  90 y in  diameter  at  an- 
terior end,  70  p near  bursa;  two  spicules,  0.15  mm.  long, 
with  accessory  piece  0.05  mm.  long  (Fig.  3557).  Bursa 
bilobed,  with  asymmetrical  ribs.  Female,  5.6-7  mm. 
long,  0.01  mm.  in  diameter  at  head,  and  0.09  mm.  in 
posterior  third  of  body.  Tail  sharply  pointed,  anus  near 
tip;  vulva  about  one-fifth  length  from  posterior  end; 
uterus  bilobed,  with  a few  (three  to  six,  or  even  eight 
or  nine)  eggs  in  each  lobe;  eggs  oval,  63-70  by  41-36 u, 
thin  shelled,  unsegmented,  or  partially  segmented  in 
uterus ; develop- 
ment unknown. 

Infection  by 
drinking  -water. 

This  parasite 
was  described 
by  Looss  from 
specimens  found 
at  post-mortems 
in  Egypt,  It 
occurred  in  the 
stomach  and  du- 
odenum of  man 
and  the  camel. 

The  infection 
was  regularly 
light,  and  Looss 
doubtedits  path- 
ogenic character 
on  account  of 
this  as  well  as  its 
small  size  and 
unarmed  buccal 
cavity.  Later 
Ijima  reported  a 
record  made  by 
Ogata  of  the  dis- 
covery  of  as 
many  as  two 
hundred  small 
nematodes  in 
fluid  taken  from 
the  stomach  of 
a woman  who 
died  iu  Japan 
during  the  “Mi- 
ma plague”  of  1889.  These  parasites  were  identical 
with  Looss’  species,  and  while  they  were  not  regarded  as 
the  cause  of  the  epidemic,  it  is  clear  that  the  presence  of 
so  large  a number  of  parasites  creates  a presumption 
against  their  supposed  harmlessness. 

Iu  view  of  its  occurrence  in  such  widely  separated  re- 


Fig.  3557.  —Strmmulus  subtilis.  A.  Tail  of 
female ; a,  anus ; firp,  genital  pore : i,  intes- 
tine; rs,  seminal  receptacle:  u,  uterus;  It. 
tail  of  male ; h,  bursa ; s.  spicules  ; t'.i,  semi- 
nal vesicle;  C,  spicules  ami  accessory  piece. 
Highly  magnified.  (After  Looss.) 
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gioDS,  its  discovery  in  intermedial  territory  is  probable, 
and  its  introduction  into  the  United  States  by  travellers 
from  the  Orient  or  by  returning  American  -troops  is  an 
evident  possibility  under  present  circumstances. 

Dioctopliyme  renale  (Goeze  1782.)  — (Syn. : Ascaris 
canis  et  martis  Schrank  1788;  A.  msceralis  et  renalis 
Gmelin  1789;  Strongylus  gigas  Rud.  1802;  Eustrongylus 
gi gas  Diesing  1851;  Strongylus  renalis  Moq.-Tand.  1860; 
Eu.  viseernlift  Raill.  1885.) 

Generally  blood  red,  slightly  tapering  at  both  ends,  es- 
pecially the  anterior;  mouth  triangular,  bordered  by  six 
small  papillae.  Male,  13-40  cm.  long,  4-6  mm.  broad. 
Caudal  extremity  obtuse,  encircled  by  membranous 
pouch  without  rib  lines,  but 
with  papillae  on  margin.  One 
slender  spicule,  5-6  mm.  long. 
Female,  20  cm.  to  1 meter  long ; 
5-12  mm.  broad  ; tail  obtuse  and 
slightly  curved ; anus  terminal; 
female  sexual  opening,  50-70 
mm.  from  anterior  end ; eggs 
ovoid,  thick-shelled,  brown,  64- 
68  g by  40-43  g. 

This  is  the  giant  of  all  the  ne- 
matoda, and  is  a kidney  para- 
site encountered  in  man,  dog, 
cattle,  horse,  wolf,  and  many 
fish-eating  animals.  It  is  ex- 
tremely rare. 

Life  History. — The  develop- 
ment begins  in  the  female  worm, 
but  is  completed  only  after  the 
egg  has  been  expelled  from  the 
host.  Five  or  six  months  in 
winter  and  a shorter  time  in 
summer  are  necessary  for  the  re- 
mainder of  the  development  of 
the  embryo.  It  lives  a long  time 
in  water  or  moist  earth,  but  can- 
not endure  drying.  The  em- 
bryos will  not  develop  if  trans- 
ferred directly  to  the  dog,  so  that 
an  intermediate  host  seems  nec- 
essary. This  has  been  conjec- 
tured to  be  a fish. 

Pathology. — Of  the  numerous 
cases  reported  of  the  occurrence 
of  this  parasite 
in  man,  the  ma- 
jority are  as 
signable  to  other 
parasites.  Not 
more  than  ten 
are  authentic. 
Trumbull’s  case 
(New  York 
Medical  Record, 
1897)  has  been  explained  by  Stiles  as  probably  a Filaria. 

Uncinaria  Frohlicli  1789. — Anterior  end  curved  dor- 
sad ; mouth  opening  obliquely  from  chitinous  buccal 
capsule  surrounded  by  transparent  border;'  dorsal  por- 
tion of  capsule  shorter  than  ventral,  supported  by  coni- 
cal structure  sometimes  projecting  into  cavity;  at  base 
of  capsule  two  ventral  teeth ; near  inner  free  border  ven- 
tral wall  bears  on  each  side  of  the  median  line  chitinous 
structures  or  teeth,  often  recurved  like  hooks  (uncinate) ; 
inner  dorsal  wall  also  with  teeth  at  times.  Oviparous, 
eggs  with  thin  transparent  shell. 

Of  the  species  of  this  genus,  which  contains  dangerous 
blood  sucking  intestinal  parasites  of  the  higher  mammals, 
two  occur  in  man,  one  an  Old-World  species  long  known 
and  the  other  recently  discovered  on  this  continent.  In 
medical  writings  the  worm  is  more  ordinarily  called  Anchy- 
lostoma,  and  the  disease  which  it  produces  is  spoken  of  as 
anchylostomiasis.  As  the  recent  important  contribution 
of  Stiles,  to  whom  I am  also  indebted  for  valuable  per- 
sonal communications,  shows  clearly,  the  name  of  one  at 
least  of  the  species  in  question  here  is  that  given  above, 


Fig.  3558.— Male 
Magnified. 


of  Uncinaria  duodenalis. 
(After  Schulthess.) 


and  the  term  uncinariasis  or  uncinariosis  should  be 
adopted  as  the  correct  designation  of  the  disease  which 
is  known  also  as  brickmakers’  and  miners’  anaemia. 


A. 


B. 


Fig.  3559.— Oral  Capsule  of  Uncinaria  duodenalis  in  (A)  Dorsal 
and  ( B ) Lateral  Aspect,  a,  Inner ; b , outer  ventral  tooth ; c,  dorsal 
tooth ; d,  stylet ; e,  dorsal  rib ; m,  buccal  cavity ; oe,  oesophagus. 
(After  Hertwig.) 


Egyptian  chlorosis,  tunnel  disease,  etc.  Its  chief  symp- 
toms are  anaemia  with  the  circulatoiy  disturbances  ac- 
companying the  pernicious  type,  colicky  pains  in  the 
abdomen,  great  weakness,  alternating  constipation  and 
diarrhoea  with  brownish  or  bloody  stools,  nausea,  and 
oedema.  Positive  diagnosis  is  made  by  the  discovery  of 
the  parasites  and  eggs  in  the  faces.  In  such  cases  care 
should  be  exercised  not  to  confuse  this  with  other  species. 

As  the  effects  due  to  the  two  species  are  not  distin- 
guishable, a general  discussion  may  be  given  for  both 
together.  By  means  of  the  powerful  armature  of  the 
buccal  capsule  they  pierce  the  intestinal  mucosa  and 
with  the  muscular  oesophagus  pump  out  blood.  The  in- 
testinal epithelium  is  lost  from  the  area  taken  into  the 
capsule,  and  in  addition  to  this  the  parasites  move  from 
spot  to  spot  so  that  the  host  loses  not  only  the  blood 
taken  by  the  parasite  directly,  but  that  lost  through 
many  minute  hemorrhages  at  previous  points  of  attack. 
The  functional  vitality  of  the  intestinal  wall  is  evidently 
reduced,  and  some  are  inclined  to  believe  that  the  para- 
site also  produces  a poison  which  acts  upon  the  host  un- 
favorably. 

Thymol  and  male  fern  are  most  frequently  used  for 
driving  out  these  parasites,  and  Stiles  quotes  the  follow- 
ing directions  for  thymol  treatment: 

Two  grams  of  thymol  at  8 a.m.,  repeated  at  10  a.m., 
and  castor  oil  or  magnesia  at  noon.  Diet  of  milk  and 
soup.  As  some  cases  are  obstinate,  a re-examination  of 
the  faces  in  a week  is  necessary,  and  the  repetition  of  the 
treatment  if  eggs  are  still  to  be  found.  It  should  be 
noted  that  on  the  whole  experiments  are  very  unfavor- 
able to  the  use  of  alcohol  during  the  thymol  treatment. 

Rational  prophylaxis  must  be  based  on  better  knowl- 
edge of  the  extent  of  the  disease.  When  it  is  suspected 
microscopical  examination  of  the  faces  and  treatment  of 
all  infected  individuals  are  necessary  preliminaries  to  its 
eradication.  The  construction  of  water-tight  latrines  in 
tunnels,  brickyards, 
and  other  corpora- 
tion properties 
where  the  disease 
is  prevalent,  to- 
gether with  the 
periodic  disinfec- 
tion of  their  con- 
tents by  quicklime 
or  by  cremation, 
will  largely  prevent 
the  spread  of  the 
disease.  If,  in  ad- 
dition, defecation  in 
other  places  is  forbidden  and  the  regulation  enforced, 
while  on  the  other  hand  fresh  pure  drinking  water  is 
supplied  and  workmen  are  impressed  with  the  necessity 
of  personal  cleanliness  as  a preventive  for  the  disease. 


Fig.  3560. —Bursa  of  Male  Uncinaria 
duodenalis.  Magnified.  (After  Railliet.) 
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the  difficulty  will  be  reduced  to  a minimum.  It  must 
be  kept  in  mind  that  Looss  has  demonstrated  the  prob- 
ability of  infection  from  water  with  larvae  coming  on 
to  the  skin,  so  that  the  presence  of  such  larvae  in  stand- 
ing water  is  a real  menace,  even  if  none  of  it  ever  reaches 
the  mouth. 

The  Old-World  species  has  been  known  for  sometime, 
and  its  effects  are  clearly  traceable  back  of  the  historic 
study  of  Perroncito,  which  showed  it  to  be  the  cause  of 
the  severe  miners’  anaemia,  which  was  associated  with 
the  construction  of 
the  Saint  Gothard 

tunnel.  It  is  only  

within  the  year  1902 
that  Stiles  has 
called  attention  to 
the  tremendous  economic  and  hy- 
gienic importance  of  the  New- 
World  species  in  our  Southern 
States,  although  the  records  of 
the  presence  of  some  species, 
probably  this  one,  extend  back 
for  many  years.  In  Central 
America  uncinariasis  has  been 
for  centuries  the  most  important 
and  dangerous  general  disease, 
involving  twenty-three  percent, 
of  the  population;  it  appears  in 
the  old  Indian  traditions,  and 
with  the  disease  is  associated 
“dirt-eating.”  The  species  has 
not  been  precisely  determined. 

In  Africa  the  infected  negro  does 
not  seem  to  be  subject  to  any 
resulting  anaemia. 

Uncinaria  duodenalis  (Dub. 

1843)  Railliet  1885.  — (Syn. : 

Agchylostoma  duodenale  Dub. 

1843;  Strongylus  quadridentatus 
v.  Sieb.  1851 ; Anchyloslorna 
duod.  Dub.  1850;  Dochmius  an- 
chylostomum  Mol  in  1860;  Sclero- 
stoma  duodenale  Cobbold  1864; 

Sir.  duodenalis  Sclm.  1866; 

Dochmius  duodenalis  Leuck. 

1876 ; Ankylostoma  and  Ankylos- 
tomum  duod.  auct.) 

Body  cylindrical ; buccal  cav- 
ity with  two  pairs  of  uncinate 
ventral  teeth,  and  one  pair  of 
dorsal  teeth,  directed  forward;  dorsal  rib  not  projecting 
into  capsule.  Female,  10-18  mm.  long  by  0.5-0. 6 mm. 
wide;  vulva  at  or  near  posterior  third  of  body;  eggs  52 
by  32  /a,  segmenting  when  deposited  with  direct  develop- 
ment. Male  (Fig.  3558),  8—11  mm.  long  by  0.4-0. 5 mm. 
wide;  caudal  bursa  (Fig.  3560)  with  dorso-medial  lobe, 
dividing  at  two-thirds  the  distance  from  base,  each 
branch  being  tridigitate,  and  with  prominent  lateral 
lobes  united  by  a ventral  lobe;  spicules  long,  slender. 

This  species  occurs  in  the  upper  region  of  the  small  in- 
testine of  man,  and  has  been  reported  from  Europe,  Afri- 
ca, Asia,  the  Philippines,  and  recently  also  from  North 
America  and  the  West  Indies,  where  some  regard  it  as  of 
very  recent  introduction.  A number  of  cases,  including 
one  fatal  one,  are  on  record  in  the  United  States  within 
two  years. 

Structure. — One  point  in  the  structure  deserves  special 
attention — the  so-called  pharynx  or  buccal  capsule  (Fig. 
3559).  This  is  very  nearly  spherical,  and  is  armed  with 
four  strong  curved  chitinous  teeth.  At  the  bottom  of 
the  capsule  are  two  triangular  lance-like  organs,  the 
function  of  which  is  the  penetration  of  the  tissue  of  the 
host.  The  body  is  curved  dorsad  at  the  anterior  end  on 
account  of  the  shortness  of  the  dorsal  wall  of  the  buccal 
capsule,  so  that  the  orifice  actually  points  dorsad. 

Life  History. — The  eggs  are  deposited  in  thealimentary 
canal  of  the  host  and  must  pass  out  of  the  body  in  order 
to  undergo  development,  which  will  not  take  place  in 


Fig.  3561. — Ynunfr  Uncin- 
aria duodenalis  Four 
Days  After  Infection.  A, 
A rius ; GO,  genital  cell ; 
A hr,  oesophageal  glands ; 
MH,  oral  cavity.  X 190. 
(After  Looss.) 


water,  but  proceeds  rapidly  in  faeces  or  in  slime,  so  that 
the  rhabditiform  embryo  is  hatched  in  twenty-four  hours 
at  27°  C.  As  1°  C.  kills  the  eggs  in  from  twenty-four  to 
forty-eight  hours,  the  climate  of  a large  part  of  this  coun- 
try is  an  evident  barrier  to  the  spread  of  the  parasite. 
At  hatching  the  embryo  measures  0.3  mm.  in  length,  but 
grows  rapidly,  and  after  moulting  once  it  enters  upon  a 
resting  stage  within  the  cast-off  skin  of  the  second  moult. 
In  this,  the  infecting  stage  of  the  parasite,  the  worms 
may  live  for  a month  or  more  in  water  without  food,  but 
if  subjected  to  desiccation  they  perish.  This  naturally 
points  to  water  as  the  probable  means  of  infection,  al- 
though the  presence  of  such  larvae  on  moist  salads  and 
other  vegetables,  eaten  uncooked,  may  well  be  a sub- 
sidiary means. 

Recently  Looss  has  brought  forward  the  idea  that  these 
larva;  may  enter  the  human  body  by  way  of  the  skin, 
which  stands  in  perfect  agreement  with  his  earlier  obser- 
vations, that  the  larvae  which  were  fed  to  various  animals 
in  water  did  not  settle  down  but  were  discharged  per 
anum  unchanged;  yet  part  of  them  bored  into  the  mu- 
cosa of  the  larynx  and  oesophagus  and  were  active  and 
growing  two  weeks  later.  When  taken  into  the  human 
body  the  worms  undergo  radical  changes  in  structure. 
One  may  distinguish  with  Looss  a third  stage  without  buc- 
cal capsule  (Fig.  3561),  a fourth  with  provisional  buccal 
capsule  (Fig.  3562),  and  a fifth  in  which  this  organ  corre- 
ponds  to  the  adult  form.  From  four  to  six  weeks  from  the 
time  of  infection  are  required  for  the  parasites  to  mature. 

The  view  of  Looss,  that  infection  may  take  place 
through  the  skin,  has  been  confirmed  by  a number  of  ob- 
servations and  experiments.  Most  striking  was  the  in- 
fection of  a limb  about  to  be  amputated  and  the  subse- 
quent discovery  of  many  larvae,  which  had  forced  a way 
in  between  hair  and  follicle  and  appeared  in  sections  to 
have  penetrated  as  far  as  the  subdermal  tissue.  This 
method  of  infection,  which  Looss 
believes  to  be  the  most  extensive, 
explains  the  susceptibility  of 
Egyptian  field  laborers,  and  also 
epidemics  among  brickmakers  as 
well  as  all  cases  in  which  the 
workmen  arc  wont  to  work  in 
moist  earth  with  bare  feet  and 
hands.  It  explains  the  infection 
of  children  walking  on  damp 
ground,  and  gives,  according  to 
Bentley,  the  key  to  the  “ground 
itch,”  or  Pani-ghao,  an  affection 
of  the  skin  of  the  lower  extremi- 
ties, endemic  in  Assam  and  in  the 
West  Indies.  Its  appearance  is 
coincident  with  the  advent  of  the 
rainy  season,  and  is  associated  by 
this  author  with  the  presence  of 
the  larvae  of  Uncinaria  duodenalis 
in  the  soil  of  the  infected  areas. 

The  typical  lesion  consists  in  a 
primary  erythema  followed  by  a 
vesicular  eruption,  which  fre- 
quently becomes  pustular,  and 
in  severe  cases  may  result  in  ob- 
stinate ulceration  or  even  in  gan- 
grene. 

Uncinaria  americana  Stiles 
1902. — Ventral  recurved  uncinate 
teeth  absent  from  mouth,  one 
pair  prominent  dorsal  semilunar 
plates,  and  an  inconspicuous  ven- 
tral pair  being  present ; dorsal 
median  conical  tooth  projecting 
prominently  into  buccal  capsule 
(Fig.  3565).  Female,  9-11  mm. 

long  by  0.31-0.35  mm.  wide;  vulva  near  middle  of  body 
but  in  front  of  it:  eggs  (Fig.  3564)  64-72 a by  36-40//. 
segmenting  or  with  well-developed  embryos  when  de- 
posited. Male,  7-9  mm.  long  by  0.29-0.31  mm.  wide; 
dorsal  ray  of  caudal  bursa  divided  to  the  base,  each 


Fig.  3562. — Unc  i n a r i a 
duodenalis  in  St/iv  II 
of  Development,  x 1(6 
(After  Looss.) 
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Fig.  3563.— Bursa  of  Uncinnria  americana , Show- 
ing Ribs  (dr,  ir,  etc.),  a,  Anus;  sp,  spicules. 
Magnified.  (After  Stiles.) 


branch  bipartite  to  tip  (Fig.  3563).  Species  otherwise 
similar  to  U.  duodenalis. 

This  form  has  only  just  been  differentiated  by  Stiles 
from  the  long  known  European  U.  duodenalis,  from 
which  in  fact  it  differs  radically. 
It  has  been  obtained  from  cases 
of  uncinariosis  in  man  in  Texas, 
Virginia,  Florida,  Porto  Rico, 
and  Cuba,  and  its  wide  occurrence 
goes  to  show  that  the  para- 
site, though  not  recognized 
hitherto,  is 
endemic  in 
the  Southern 
States,  where 
it  causes  the 
mostcommon 
disease  on 
the  farms  and 
among  t li  e 
poor  whites. 

The  life 
history  of  the 
parasite  is 
unknown, 

though  the  early  stages  correspond  to  those  of  U.  duode- 
nalis. The  cases  of  the  disease  have  been  collected  and 
abstracted  by  Stiles,  who  holds  with  evident  right  that  it 
is  not  a recently  imported  disease,  but  has  existed  un- 
recognized for  years.  It  has  been  traced  from  Virginia 
to  Florida,  and  is  most  abundant  in  sandy  areas.  Guite- 
ras  has  also  an  unpublished  case  from  Brazil. 

Physaloptera  caucasica  von  Linstow  1902. — Cuticula 
heavy,  non-striated,  forming  a projecting  ring  about  the 
head,  within  which  a pair  of  equilateral  lips  bear  four 
papillae  in  the  submedian  line  and  two  conical  teeth  near 
the  mouth  opening.  (Esophagus  one-tifth  the  entire 
length;  lateral  lines  strongly  developed.  Male,  14.22 
mm.  long  by  0.71  mm.  broad;  bursa  broad,  rounded, 
tapering  posteriad,  with  central  longitudinal  rows  of 
small  conical  papillae;  spicules  two 
unlike ; lateral  to  the  cloacal  orifice 
two  pairs  of  long  stalked  papillae, 
in  front  one  pair,  behind  two  pairs, 
on  the  tail  three  pairs  more.  Fe- 
male, 27  mm.  long,  1.14  mm.  broad, 
vulva  at  one-sixth  the  length  from 
the  anterior  end  ; eggs  heavy  shelled, 
57  by  39//. 

The  single  account  of  this  species 
by  0.  von  Linstow  is  based  on  speci- 
mens, two  males  and  nine  females, 
in  the  collection  of  the  museum  at 
St.  Petersburg,  Russia.  They  are 
said  to  have  been  taken  from  the 
alimentary  canal  of  man  in  the 
Caucasus.  Further  details  are  not 
given. 

Family  of  the  Ascaridie. — Body 
relatively  thick ; mouth  surrounded 
by  three  lips,  one  of  which  is  dorsal,  the  others  ventro- 
lateral; oesophagus  long,  muscular,  inflated  at  the  end 
and  often  accompanied  by  an  oesophageal  bulb;  male 
with  one  or  two  spicules;  female  with  double  ovary,  ovip- 
arous; development  direct.  All  are  intestinal  parasites. 

Ascnris  L.  1758. — Polymyaria,  with  very  prominent 
lips;  males  with  two  equal  spicules  and  many  preanal 
and  postanal  papilla);  vulva  in  advance  of  centre  of 
body.  More  than  two  hundred  species  are  recorded; 
three  have  been  reported  from  man. 

Ascnris  lumbricoides  L.  1758. — Body  reddish  or  gray- 
ish-yellow when  living;  spindle-shaped;  lips  (Fig.  3566) 
almost  similar,  approximately  semicircular,  with  tine 
teeth  on  the  edges,  the  dorsal  possesses  two  papilla),  and 
each  of  the  ventral  ones  only  a single  papilla.  Male,  15- 
17  or  even  25  cm.  long  and  3 mm.  thick,  with  the  poste- 
rior end  curved  toward  the  ventral  face ; spicules  two, 
short,  2 mm.  long;  papillae  fifty-five  to  sixty  preanal  and 


Fig.  3564.— Eggs  of  Un- 
cinaria  americana 
from  Faeces.  X 235. 
(After  Stiles.) 


seven  pairs  postanal.  The  female,  20-25  or  even  40  -cm. 
long  and  5-5.5  mm.  thick,  with  straight  conical  posterior 
end.  The  female  sexual  opening  at  the  limit  of  the  anterior 
third  of  the  body,  and  situated  in  a ring-shaped  depres- 
sion. Fertilized  eggs  (Fig.  3567)  elliptical,  shell  with 
transparent  mammillated  covering,  50-75//  long  by  40- 
58//  wide,  laid  before  cleavage  begins.  Unfertilized 
eggs,  irregular,  with  scanty  albumin  covering,  coarser 
granules,  and  tliinner  shell,  measuring  81  by  45  u. 

This,  the  common  round  worm  of  children,  is  one  of 
the  most  abundant  and  widely  distributed  of  human 
parasites.  It  is  distributed  over  the  entire  world,  and 
though  more  abundant  in  the  warmer  regions,  is  recorded 
from  Finland  and  Greenland.  It  is  also  more  common 
in  the  country  than  in  cities,  which  may  be  due  to  the 
presence  of  the  same  species  in  the  pig  and  sheep.  This 
parasite  was  well  known  to  the  ancients,  both  the  Greeks 
and  the  Romans,  although  the  aasapn;  of  Greek  authors 
is  the  form  now  known  as  Oxyuris. 

Life  History. — The  development  of  the  eggs  does  not 
begin  until  long  after  they  have  been  expelled  from  the 
human  intestine,  and  is  dependent  upon  both  moisture 
and  warmth.  Under  mean 
temperature  the  embryo  is 
completed  in  from  thirty  to 
forty  days,  and  then  lies  in 
a spiral  within  a thin  shell, 
which  it  does  not  seem  to 
leave  so  long  as  the  egg  re- 
mains free,  though  it  under- 
goes a moult  here.  The  em- 
bryo may  live  long  within 
the  shell,  even  up  to  five 
years.  The  further  develop- 
ment was  believed  by  Leuck- 
art  to  require  the  interven- 
tion of  another  host  in  which 
a larval  stage  is  passed,  but 
Davaine  was  successful  in 
hatching  the  embryos  in  the 
intestine  of  the  rat,  and  be- 
lieves that  the  intervention  of  a second  host  is  unneces- 
sary. Subsequent  experiments  by  various  authors  have 
strongly  confirmed  this  view  by  raising  experimentally 
adults  in  the  human  alimentary  canal  two  months  after 
the  ingestion  of  eggs  containing  embryos.  Accordingly 
the  eggs  are  probably  introduced  into  the  human  sj'stem 
with  the  embryo  within  by  accident  or  by  means  of  the 
drinking-water.  The  embryo  is  then  set  at  liberty  in 
the  alimentary  canal,  and  further  development  is  merely 
growth.  Of  course  the  infection  may  be  brought  about 
by  the  means  of  contaminated  vegetables,  especially 
salads,  which  have  been  imperfectly  cleaned. 

Pathology. — It  has  already  been  mentioned  that  the 
worms  are  most  frequently  found  in  children  of  medium 
growth,  but  this  is  due  to  the  ease  of  infection  rather 
than  to  conditions  for  development,  since  the  worm  has 
been  obtained  from  persons  of  all  ages.  Ordinarily  one 

A B 


C 


Fig.  3565.  — Lateral  View  ot 
Head  of  Uncinaria  ameri- 
cana. c.  Oral  capsule ; e , 
oesophagus , i,  stylet ; p.  pa- 
pilla; f,  dorsal  median  tooth. 
(After  Stiles.) 


Fig.  3566.— Anterior  End  of  Ascaris  lumbricoides.  A,  Apical  and 
li,  Dorsal  Aspect. 

finds  only  a few  specimens  at  once,  but  in  some  cases 
from  five  hundred  to  one  thousand  have  been  obtained 
from  a single  individual.  It  is  noteworthy  that  luemo- 
globin  has  been  detected  in  the  alimentary  canal  of  the 
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parasite,  showing  that  its  food  consists  in  part  of  human 
blood  Their  normal  location  is  the  small  intestine,  but 
specimens  not  infrequently  wander  into  the  stomach  and 
are  vomited.  Rarely  they  have  been  known  to  make 


A.  B. 

Fig.  3567.  — Egg  of  Ascaris  lumbricoides  from  Faeces.  A,  In  sur- 
face view  and  B in  optical  section.  (After  Stiles.) 

their  way  into  the  pharynx  and  choanae,  with  the  result 
of  causing  fatal  suffocation  both  in  children  and  in  adults ; 
also  into  the  Eustachian  tube  or  ductus  choledochus,  and 
they  have  even  been  found  in  abscesses  of  the  liver. 

Recently  a number  of  unimpeachable  cases  have  been 
brought  forward  in  which  the  worm  lias  bored  its  way 
through  the  uninjured  wall  of  the  intestine  and  has  been 
found  in  the  peritoneal  cavity.  Their  presence  here  after 
having  pierced  abscesses  of  the  wall  is  also  known,  and 
in  some  cases  even,  in  which  adhesion  of  the  intestinal  to 
the  abdominal  wall  was  present,  the  worm  emerged  from 
the  body  through  an  abscess  at  this  point.  In  fevers  the 
Ascaridae  will  spontaneously  desert  the  intestine. 

It  is  evident  that  these  wanderings  are  associated  with 
great  danger  to  the  host.  The  presence  also  even  of  a 
few  individuals  in  the  intestine  gives  rise  at  times  to 
marked  nervous  disturbances,  hysteria,  epileptic  attacks, 
congestion  of  the  brain,  aphonia,  etc.,  which  are  most 
easily, explained  on  the  basis  of  a poison  excreted  by  the 
worms.  In  fact,  recent  investigators  have  been  able  to 
obtain  such  a toxic  substance  from  the  body  of  this  spe 
cies,  and  students  in  the  laboratory 
handling  specimens  of  A.  megaloce- 
phala  from  the  horse  have  been  dis- 
tinctly affected  by  poisonous  emana- 
tions. The  symptoms  disappear  with 
the  removal  of  the  worms.  Moniez, 
however,  is  inclined  to  attribute  the 
troubles  in  large  part  to  the  use  of 
santonin  for  the  expulsion  of  the 
worms,  as  this  substance  has  an  un- 
favorable effect  upon  the  human  or- 
ganism. Guiart  has  called  attention 
to  the  important  fact  that  the  para- 
sites by  their  movements  produce  le- 
sions of  the  wall  so  as  to  afford  a 
point  of  attack  for  intestinal  fevers, 
and  thus  become  a source  of  great 
danger  for  the  host.  Knotted  masses 
of  tliis  parasite  have  also  been  the 
cause  of  fatal  intestinal  obstruction. 

Treatment. — In  general  opinion  santonin  is  the  specific 
against  Ascaris,  and  no  one  of  the  many  other  substances 
tried  has  achieved  the  same  results.  Moniez  advises  the 
use  of  centigrams  equal  to  the  number  of  years  in  a 
child’s  age,  and  for  an  adult  20-25  cgm.  The  drug  kills 
the  parasites,  and  the  administration  at  the  same  time  of 
a purgative  is  advantageous  in  bringing  about  their  im- 
mediate expulsion.  Careful  watch  should  be  kept  for  the 
violent  symptoms  which  sometimes  accompany  the  use  of 
santonin  and  means  taken  at  once  to  counteract  them. 

Ascaris  cards  Blanchard. — (Syn. : Lumbricus  canis 

Werner  1782;  A.  teres  Goeze  1782;  A.  cati  and  canicular 
Schrank  1788;  A.  canis  and  felis  Gmelin  1789;  A.  tri- 
cuspidata  and  felis  Bruguiere  1791;  A.  Werneri  Rud. 
1793;  Fusaria  mystax  Zeder  1800;  A.  marginata  and  A. 
mystax  Rud.  1802;  A.  alata  Bellingham  1839.) 


Anterior  end  ordinarily  curved  and  provided  with 
two  wing  like  membranes  which  extend  one  along  each 
side  (Fig.  3568),  lips  almost  equal,  three  to  six  cornered. 
Male.  40-90  mm.  long,  1 mm.  broad,  with  twenty-one 
preanal  and  five  postanal  papilke.  Female,  120-200  mm. 
long,  vulva  in  the  anterior  fourth  of  the  body . eggs  almost 
spherical  with  thin  shell,  0.068-0.072  mm.  in  diameter. 

An  abundant  parasite  in  the  small  intestine  of  cats  and 
dogs  and  also  reported  from  various  allied  wild  species, 
it  has  been  found  several  times  in  man  in  England.  Ger- 
many, Denmark,  and  the  United  States.  Grassi  doubts 
the  accuracy  of  these  determinations  since  experimental 
infection  was  not  successful. 

The  development  is  direct  and  in  general  like  that  of 
the  preceding  species  The  thin  shell  is  highly  imper- 
vious so  that  development  continues  in  alcohol,  turpen- 
tine, etc.  It  is  probable  that  the  embryo  does  not  desert 
the  shell  until  taken  into  the  stomach  of  the  host 

Ascaris  maritima  Leuckart  1876. — Known  only  from 
a single  immature  female,  which  was  vomited  by  a child 
in  North  Greenland  in  1865.  The  specimen  was  43  mm 
long  and  1 mm.  broad,  and  is  regarded  by  some  authors 
not  as  a normal  parasite,  but  as  one  accidentally  ingested 
with  the  viscera  of  some  food  animal.  According  to 
Leuckart  it  is  very  near  A.  transfuga  of  the  bears 

Oxyuris  Rudolphi  1803. — Three  lips  poorly  developed 
or  wanting;  oesophagus  long  and  provided  with  a dis- 
tinct bulb.  Male  with  only 
one  spicule  and  with  two 
pairs  of  preanal  papilla?.  Fe- 
male with  greatly  elongated, 
pointed  posterior  end,  two 
ovaries  and  vulva  in  anterior 
part  of  the  body. 

Oxyuris  ver  m i c u l a r i s 
Bremser  1819. — (Syn. : As- 

caris  vermicularis  L.  1767 ; 

Fusaria  vermicularis  Zeder 
1803.  Oesophagus  long  and 
followed  by  a distinct  bulb 
with  teeth;  body  white,  cuti- 
cula  striated,  forming  wing- 
like  projections  from  the 
dorsal  and  ventral  surfaces 
near  the  head  and  also  a low 
crest  along  the  lateral  lines 
of  the  body;  three  small  re- 
tractile labial  papillae.  Male. 

3-5  mm.  long,  with  spirally 
rolled  tail ; a single  spicule 
and  six  pairs  of  papilke. 

Female.  9-12  mm.  long,  1 
mm.  broad,  tail  awl-shaped; 
vulva  a little  in  front  of  the 
limit  of  the  anterior  fourth 
of  the  body,  eggs  elliptical, 
thin-shelled,  50-54/r  long  by 
20-27  y wide,  containing  an 
embryo  when  deposited  (Fig. 

3569) 

This  species,  known  from 
remote  antiquity,  is  a cos- 
mopolitan parasite  of  the 
human  intestine.  It  has  not 
been  definitely  recognized  as 
a parasite  of  other  animals, 
but  Leidey’s  O.  compar  from 
the  cat  is  very  likely  the 
same  form.  It  is  more  abun 
dant  in  cities  than  in  the 
country,  and  occurs  equally 
in  cold  and  warm  regions. 

These  parasites  are  most 
abundant  in  infants,  a fact  which  accords  with  the  ease 
of  auto-infection  as  shown  by  the  development. 

Life  History. — The  embryo  develops  within  the  egg 
shell  while  still  contained  in  the  uterus,  and  it  was  long 
thought  that  the  further  development  could  take  place 


Fig.  3568.  — Ascaris 
canis.  A.  Male. 
(Natural  size.)  B. 
Head  showing  pa- 
pilliB  and  wings. 
Magnified.  (Origi- 
nal.) 
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Fig.  3569. — Oruuris  vermicu- 
laris. a.  Female:  h.  male ; c. 
posterior  end  of  latter : d, 
egg  with  embryo ; i.  vulva : 
sp,  spicule.  Magnified.  (Af- 
ter Leuckart.) 
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in  the  canal.  In  fact,  however,  the  female  at  the  time  of 
oviposition  lives  in  the  lower  part  of  the  rectum  and  even 
attains  the  vicinity  of  the  anus,  although  the  earlier  por- 
tion of  the  adult  life  history  is  passed  in  the  small  intes- 
tine, where  the  worms  acquire  sexual  maturity  and  copu- 
late. Evacuated  from  the  body,  the  embryo  undergoes 
transformation  to  the  second  embryonic  stage  while  still 
within  the  egg  shell,  and  now  awaits  ingestion  by  a new 
host.  The  primary  infection  is  by  drinking-water  or  con- 
taminated fruit  or  vegetables,  which  are  eaten  uncooked ; 
but  self-infection  and  transference  to  other  individuals 
are  brought  about  by  scratching  and  rubbing  with  the 
fingers  to  allay  the  intense  itching  caused  by  the  daily 
migration  of  the  females  out  from  the  anus  on  to  the  peri- 
neum and  the  surrounding  parts.  Perhaps  in  the  distri- 
bution of  Oxyuris  eggs  the  flies  play  a part  such  as  Grassi 
lias  demonstrated  for  Tricliocephalvs  and  eggs  of  Tcenia. 
The  direct  development  is  very  rapid,  as  Leuckart  ob- 
tained experimentally  Oxyurides  6-7  mm.  long  within 
fourteen  days  after  ingestion  of  the  eggs;  Grassi  and 
others  have  confirmed  this  by  further  experiments. 

Pathology.- — The  females  are  far  more  numerous  than 
the  males,  and  by  their  migrations  determine  unbearable 
pruritus,  which  recurs  periodically  on  retiring.  In  a 
number  of  cases  among  young  girls  the  worms  have  mi- 
grated into  the  vagina  and  have  produced  onanism,  and 
even  the  inception  of  nymphomania.  In  many  cases 
large  numbers  in  the  rectum  have  excited  no  untoward 
symptoms,  but  in  others  they  have  produced  reflex  ner- 
vous activities  of  all  grades  up  to  epileptic  attacks,  such 
as  have  been  noted  under  Ascams.  Recent  investigations 
in  Egypt  have  demonstrated  the  responsibility  of  this 
parasite  for  nodules  on  the  rectal  wall,  previously  attrib- 
uted to  Schistosoma,  which  contain  eggs  of  Oxyuris  ver- 
micularis  in  a calculus.  Oxyuris  has  also  been  recorded 
in  tuberculous  nodules  in  the  cavum  Douglasii  of  a female, 
and  Yuillemin  lias  recently  discovered  them  in  a tumor 
near  the  anus  of  a boy.  The  latter  case  shows  definitely 
the  wandering  of  the  worms  through  2 cm.  or  more  of 
solid  tissue.  This  habit  exhibits  a new  and  evidently  dan- 
gerous feature  in  the  parasitism  of  this  species  through 
the  disturbance  of  the  tissues  and  the  introduction  into 
them  of  bacteria  from  the  rectum. 

Treatment. — It  is  difficult  to  remove  these  worms  en- 
tirely. Vermifuges  and  purgatives  with  enemata,  etc., 
are  successful  to  a degree ; but  the  ease  of  auto-infection 
is  an  obstacle  to  a complete  cure.  Local  application  of 
mercurial  ointment  will  alleviate  the  pruritus,  and  man- 
ual extraction,  if  prolonged,  will  reduce  their  numbers 
rapidly.  But  in  any  event  treatment  is  prolonged. 

The  sub-class  of  the  Gordiacea  includes  forms  familiarly 
known  as  “hair  snakes”  or  “hair  worms.”  They  are 
greatly  elongated,  slender  worms,  somewhat  filaria-like 
in  external  appearance,  but  of  radically  different  internal 
structure.  Lateral  fields  are  wanting,  and  the  body  mus- 
culation is  of  a different  histological  type  from  that  of  the 

Eunematoda.  The 
mouth  is  occluded 
and  the  alimentary 
canal  persists  in  the 
adult  only  as  a func- 
tionless vestigial 
stran d.  In  both 
sexes  the  reproduc- 
tive organs  open  to 
the  exterior  with  the 
alimentary  canal  at  a 
terminal  or  subtermi- 
nal cloaca.  The  re- 
productive system  is 
Fig.  3570.  — Oigantorhynchus  gigas.  constructed  on  a (lit - 
Male  at  right,  female  at  left.  Half  ferent  plan,  and  the 
natural  size.  (Original.)  lateral  canal  system 

is  wanting.  The 
male  has  no  spicules,  but  the  posterior  end  of  the  body 
is  forked  and  functions  as  grasping  organ. 

The  adult  lives  free  in  ponds,  swamps,  and  other  bodies 
of  water,  and  the  eggs  are  deposited  on  the  stems  of 


wTater  plants.  The  larvae  possess  a proboscis  armed  with 
hooks  and  bore  into  the  body  cavity  of  aquicolous  insect 
larv.-e,  or  rarely  mollusks,  where  they  encyst.  Accord- 
ing to  Villot  the  second  stage  is  passed  in  the  intestine 
and  body  cavity  of  fishes.  More  commonly  apparently 
the  worms  develop  to  maturity  in  the 
body  cavity  of  insects,  from  which 
they  emerge  into  the  water  for  the 
adult  free  existence. 

Several  species  have  been  reported 
from  the  human  alimentary  canal. 

They  are  pseudoparasites,  having 
been  swallowed,  according  to  one 
view,  in  the  adult  condition  with 
drinking-water;  but  their  occurrence 
in  fruit,  especially  apples,  makes  this 
even  a more  likely  source  of  infec- 
tion. Lockwood  noted  in  1876  the 
frequent  presence,  in  fruit,  of  Mermis, 
another  genus  of  Eunematoda,  and 
suggested  the  probable  occurrence  of 
this  form  as  a pseudoparasite  of  man 
under  conditions;  this  has  not  been 
actually  recorded  so  far  as  I find. 

But  of  Gordius  as  a pseudoparasite 
Parona  has  recently  listed  eleven 
cases,  the  first  as  early  as  1638;  of 
these  Kirtland’s(01iio)is  the  only  one 
from  the  United  States.  Two  other 
unpublished  cases  have  recently  been 
communicated  to  me  from  Michigan 
and  Maryland.  It  will  be  of  no  par- 
ticular value  to  enter  here  upon  a 
detailed  description  of  the  species 
found. 

The  Gordiacea  are,  however,  em- 
phasized by  Cobbold  as  important 
for  the  medical  practitioner,  since 
they  have  been  passed  off  as  the 
guinea-worm  and  as  having  been 
evacuated  with  fecal  matter  by  neur- 
asthenic persons  under  treatment. 

The  Acanthocephala  may  best  be 
discussed  as  an  appendix  to  the  class 
Nematoda,  although  thejrare  regard- 
ed by  many  as  a cognate  class  and  by 
others  are  separated  even  more  wide- 
ly. The  forms  included  here,  though  parasites  of  the 
most  complete  type,  are  not  common  in  man.  The  group 
may  be  characterized  as  follows:  Elongated,  cylindrical 
body,  often  deeply  corrugated,  bearing  at  anterior  end 
a retractile  proboscis  provided  with  many  minute  hooks 
in  rows.  No  trace  of  alimentary  canal.  Reproductive 
organs  open  at  posterior  end;  sexes  separate.  Male 
with  campanulate  bursa  about  the  orifice.  Mostly  small 
forms,  parasitic  as  adults  in  vertebrates  only.  The 
structure  is  uniform,  and  can  be  learned  from  the  brief 
account  which  follows  of  the  largest  and  commonest 
species. 

Gigantorhynchus  gigas  Hamann  1892. — (Syn. : Tcenia 
hirudinacea  Pallas  1781;  Echinorhynchiis  gigas  Goeze 
1782.) 

Body  milk  white,  sometimes  slightly  tinted,  with 
transverse  irregular  ridges.  Posterior  end  somewhat 
smaller;  proboscis  spherical,  armed  with  five  or  six  rows 
of  hooks.  The  proboscis  can  be  retracted  into  a neck-like 
region,  which  is  much  slimmer  than  the  following  portion 
of  the  body.  Male,  60-90  mm.  long  by  3-5  mm.  broad, 
with  bell  shaped  caudal  pouch.  Female,  230-350  mm. 
long  by  4-9  mm.  broad;  tail  blunt;  eggs  almost  cylin- 
drical, 0.087-0. 1 mm.  long  with  three  embryonic  envel- 
opes. 

The  adult  worm  is  found  in  the  small  intestine  of  the 
pig,  ordinarily  fixed  to  the  wall  by  the  proboscis,  and  is 
wi d el y d is tr ib u ted . 

Structure. — The  elongated  body  (Fig.  3570)  is  largest 
near  the  head  and  tapers  gradually  toward  the  posterior 
end.  At  the  anterior  end  a sharp  constriction  separates 


Fig.  3571.— Giganto- 
rliynchvs  gigas 
Opened  to  Show  In- 
te  r n a 1 Anatomy, 
l,  Lemniscus ; sv, 
seminal  vesicle;  f, 
testis;  vd,  vas  de- 
ferens. Modified. 
(Original.) 
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the  body  from  the  short  neck  portion,  which  is  not  more 
than  one-fourth  or  oue-lifth  the  diameter  of  the  body 
dose  to  it.  From  the  apex  of  this  region  may  be  pro- 
jected the  proboscis  which  is  contained  within  it,  like 
the  reversed  linger  of  a glove.  As  the  proboscis  rolls 
out  the  hooks  also  turn  outward,  and  when  the  probos- 
cis is  completely  extruded  the  shape  of  the  organ  is 
nearly  that  of  a sphere  on  which  are  from  five  to  six  ir- 
regular rows  of  hooks.  Behind  these  the  proboscis  is 
slightly  smaller. 

If  the  internal  structure  be  examined,  it  will  be  seen 
that  the  proboscis  is  provided  with  retractor  muscles,  by 
means  of  which  it  may  be  withdrawn  into  the  body.  At 
the  base  of  the  proboscis  is  the  small  mass  of  nervous 
matter  which  represents  the  brain. 

There  is  no  trace  of  an  alimentary  canal,  hence  these 
forms,  like  the  tapeworm,  take  nourishment  by  absorp- 
tion. Two  elongated  sac-like  organs  hang  down  into  the 
bodyr  cavity  along  the  sides  of  the  proboscis.  These  are 
the  lemnisci  (l,  Fig.  3571);  their  function  is  uncertain. 

The  mass  of  the  body  is  made  up  of  the  organs  of  the 
reproductive  system.  All  these  worms  are  dioecious. 
The  male  organs  (Fig.  3571)  consist  of  two  large  testes, 
together  with  the  ducts  and  accessory  glands  connected 
with  them.  The  tail  of  the  male  has  a hemispherical  ex- 
pansion, something  like  the  caudal  bursa  of  other  Nema- 
toda ; the  male  sexual  opening  in  the  centre  of  this  sac 
at  the  tip  of  the  body  is  provided  with  a small  copula- 
tory  organ.  The  internal  sexual  organs  of  the  female 
are  much  similar  in  general  appearance ; the  ovaries  lie 
toward  the  front  of  the  body  cavity,  which  is  largely 
tilled  with  eggs  in  various  stages  of  development.  These 
are  discharged  by  the  oviduct,  which  opens  at  the  poste- 
rior end  of  the  body. 

Life  History. — The  eggs  of  Gigantorynclius  are  dis- 
charged from  the  alimentary  canal  of  the  host  and  dis- 
tributed with  faeces.  When  eaten  by  some  insect  they 
are  hatched  in  its  intestine.  The  embryo,  which  has  a 
conical  form  armed  at  one  end  with  four  hooks  like  tape- 
worm hooks,  and  a number  of  smaller  ones,  penetrates 
into  the  abdominal  cavity  of  the  insect  and  encysts  there. 
In  this  condition  the  embryos  may  even  live  through  the 
metamorphoses  of  the  insect  until  the  host  is  eaten  by 
some  pig.  In  the  alimentary  canal  of  the  pig  the  embryo 
is  set  free,  attaches  itself  and  acquires  maturity.  There 
is  some  dispute  as  to  what  insect  is  the  intermediate  host ; 
the  white  worm-like  larva  of  the  May  bug  and  the  larva 
of  the  common  rose  chafer  have  been  found  to  contain 
these  worms  in  Europe,  and  Stiles  has  experimentally  in- 
fected the  larvae  of  the  June  bug  in  this  country.  It  is 
also  maintained  that  various  species  of  snail  may  func- 
tion as  the  larval  host.  In  all  probability  the  larva  is 
not  confined  to  a single  host,  but  may  develop  in  many. 

Leuckart  accepts  some  reports  of  the  occurrence  of  this 
species  in  man  as  trustworthy,  and  Lindemann  says  that 
it  is  not  rare  as  a human  parasite  in  Southern  Russia. 
Schneider  notes  the  consumption,  as  food,  of  the  larvae 
and  adults  of  Melalontha,  the  May  beetle,  which  acts  as 
the  intermediate  host,  so  that  infection  is  evidently  pos- 
sible. 

Gigantorhynclms  moniliformis  (Bremser  1819). — Body 
attenuated  anteriorly.  Proboscis,  0.425-0.450  mm.  long, 
0.175-0.19  mm.  broad,  with  hooks  in  fifteen  transverse 
and  twelve  longitudinal  rows.  Male,  4-4.5  cm.  long. 
Female,  7-8  cm.  long,  or  even  up  to  27  cm.,  according  to 
Westrumb.  Eggs  ellipsoidal,  85//  long,  45//  broad. 

The  normal  hosts  of  this  species  are  field  mice,  rats, 
etc.,  and  the  intermediate  host  in  Italy  has  been  deter- 
mined as  Bleeps  mucronata.  Calandruccio  in  experiment- 
ing on  the  life  history  succeeded  in  infecting  himself  with 
the  adult.  The  severe  symptoms  which  manifested  them- 
selves were  dispelled  by  the  evacuation  of  the  worms. 
In  other  cases  of  the  occurrence  of  this  species  as  a hu- 
man parasite  its  identity  was  less  definitely  established. 

Echinorhynchus  hominis  Lambl  1859. — Length,  5.G 
mm. ; width,  0.6  mm. ; proboscis  almost  spherical  with 
twelve  transverse  rows  of  eight  hooks  each.  Large 
hooks,  103//  long,  small  hooks,  77//. 
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An  uncertain  species  of  which  Lambl  found  a single 
specimen  at  Prague  in  the  small  intestine  of  a boy  who 
had  died  of  leukaemia. 

Ecldnorhynchus  sp.  Welch  1872. — In  1872  Welch  de- 
scribed as  Echinorhynchus  a body  which  he  found  en- 
cysted in  the  mucosa  of  the  jejunum  of  a soldier.  Ac- 
cording to  Railliet  it  was  evidently  a Linguatulid  (see 
Arachnida). 

Echinorhynchus  sp.  Moniez  1896. — Kunstler  and  Pitres 
found  certain  peculiar  bodies  in  the  pleural  cavity  of  a 
patient  who  had  suffered  two  years  from  pleurisy,  but 
without  fever.  They  interpreted  these  structures  as 
coccidia,  but  Moniez  holds  with  greater  probability  to 
their  likeness  to  eggs  of  Echinorhynchus.  The  case  is 
entirely  isolated  under. either  explanation. 

Henry  B.  Ward. 
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NEOPLASMS.  See  Tumors. 


NEPHRECTOMY;  NEPHROTOMY.  See  Kidneys,  etc. 

NERVES,  GENERAL  PHYSIOLOGY  OF.— Histologi 
cal  and  General. — Nerves  consist  essentially  of  the 
long,  slender  processes  of  nerve  cells.  They  are  hence 
composed  of  protoplasm,  and  they  possess  the  general 
chemical  and  physical  properties  of  this  substance ; but 
they  differ  physiologically  from  other  forms  of  proto- 
plasm, in  that  they  possess  to  a high  degree  the  proper- 
ties of  conductivity  and  excitability,  while  the  proper- 
ties of  growth,  metabolism,  respiration,  and  contractility 
are  feebly  developed  or  altogether  absent.  There  is  in 
these  respects  a marked  physiological  difference  even  be- 
tween the  nerve  and  the  cell  body'  from  which  it  arises. 
Many  of  the  reactions  of  the  cells  to  external  conditions 
are  the  opposite  to  the  reactions  of  the  nerve.  The  cell 
generates  nerve  impulses;  it  possesses  spontaneity  or 
automatism,  absent  in  the  fibre;  it  is  closely  dependent 
on  a supply  of  oxygen,  while  the  nerve  is  almost  inde- 
pendent; it  has  an  active  metabolism,  which  the  nerve 
lacks  almost  entirely;  it  respires,  while  the  nerve  re- 
spires little  or  not  at  all ; it  or  some  of  its  dendritic  proc- 
esses may  be  contractile,  the  nerve  has  lost  this  property 
altogether.  The  physiology  of  the  nervous  tissue,  which 
includes  nerve  cells,  differs  therefore  in  many  respects 
from  that  of  the  nerves  proper,  which  we  shall  consider 
here.  In  short,  the  nerve  cells  possess  pre-eminently 
the  property  of  automatism  or  spontaneity ; the  nerve 
fibre,  the  property  of  conduction. 
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This  physiological  differentiation  of  the  conducting 
protoplasm  of  the  nerve  is  accompanied,  as  might  be  ex- 
pected, by  an  histological  differentiation.  The  proto- 
plasm of  the  nerve  fibre,  called  the  axis  cylinder,  or 
axon,  differs  in  physical  appearance  from  that  of  the  rest 
of  the  cell  body  from  which  it  is  derived,  in  that  the  fibre 
is  striated  longitudinally  as  if  composed  of  distinct 
fibrils,  and  is  surrounded  by  a fatty  sheath.  These 
fibrils  can  be  more  easily  seen  in  invertebrate  than  in 
vertebrate  nerves,  and  particularly  in  the  leeches,  where 
they  have  been  traced  by  Apathy  1 from  one  nerve  cell 
into  and  even  through  other  nerve  cells.  Some  obser- 
vers even  go  so  far  as  to  maintain  that  these  fibrils  are  the 
true  conducting  portions  of  the  fibre,  but  of  this  there  is 
no  physiological  evidence.  Besides  this  peculiar  fibrillar 
structure  of  the  axis  cylinder,  nerves  are  as  a rule  easily 
differentiated  from  other  tissues  even  by  the  naked  eye 
by  their  white,  glistening,  fatty  sheaths.  Nearly  all 
nerve  fibres  which  take  their  origin  in  the  brain  and 
spinal  cord,  and  many  having  origin  elsewhere,  are  sur- 
rounded by  such  a sheath,  which  is  called  the  medulla, 
and  such  nerves  are  called  medullated  nerves.  The 
nerves  of  invertebrates  and  those  of  the  sympathetic  sys- 
tem of  vertebrates,  on  the  other  hand,  often  lack  these 
sheaths,  and  are  called  non-medullated  nerves.  The 
function  of  this  medullated  sheath  is  not  definitely  ascer- 
tained, but  it  has  been  suggested  that  it  prevents  the 
spreading  of  the  impulse  from  one  fibre  to  another.  It 
appears  to  influence  the  physiological  behavior  of  the 
nerve,  for  medullated  nerves  are  generally  more  easily 
excited  than  non-medullated,  and  they  react  differently 
to  an  exposure  to  a constant  electrical  current.  A mo- 
mentary exposure  of  a non-medullated  nerve  to  a con- 
stant electrical  current  may  block  conduction  in  the 
region  of  the  anode  or  positive  electrode  for  several 
minutes  or  hours ; whereas  medullated  nerves  after  such 
treatment  recover  their  conductivity  very  quickly.38 
Waller 4 suggested  that  the  medulla  was  reserve  material 
which  was  used  up  by  the  metabolism  of  the  nerve  dur- 
ing conduction,  and  he  explained  in  this  way  the  inde- 
fatigability which  medullated  nerves  possess;  but  Miss 
Sowton3  has  recently  shown  that  the  non-medullated 
olfactory  nerve  of  fishes  is  almost  or  quite  as  inexhausti- 
ble as  are  medullated  nerves,  if  we  may  judge  from  the 
undiminished  size  of  the  electrical  response  attending 
conduction  after  long  stimulation.  Nerve  fibres  differ 
from  other  protoplasm  also  in  the  quickness  with  which 
they  stain  blue  when  exposed  to  a solution  of  methylene 
blue.  It  is  thus  possible  to  stain  them  before  the  other 
tissues  are  colored,  and  an  important  method  for  tracing 
the  course  and  distribution  of  nerves  has  been  founded 
on  this  peculiarity. 

The  chemical  composition  of  the  axis-cylinder  process 
is  not  definitely  known.  Other  portions  of  gray  nervous 
matter  which  it  resembles  consist  largely  of  colloidal  sub- 
stances of  proteid  nature,  and  differ  from  most  tissues  in 
the  unusually  large  amounts  of  lecithin  and  cholesterin 
present.  Nothing  can  be  said  positively  regarding  the 
inorganic  salts  present  in  the  axis-cylinder  process. 
Ranke4  believed  its  reaction  to  be  slightly  acid,  but  most 
observers  have  found  the  cut  surface  of  the  nerve  alka- 
line to  litmus;  it  is  possible  that  like  other  protoplasm 
it  is  neutral  to  phenolplithalein.  The  medulla  consists 
chiefly  of  cerebrin,  lecithin,  cephalin,  cholesterin,  and 
neurokeratin.  The  latter  substance  forms  a horny  sup- 
porting framework.  Lecithin  is  a trimethyl  cliolin-di- 
steary  1 phosphoric  acid  glycerin  ester.  Other  fatty  acids 
may  be  present  in  place  of  the  stearic  acid,  and  the  leci- 
thins from  different  animals  vary  in  this  respect.  The 
kephalin  or  cephalin,  according  to  Koch  and  Tliudicum, 
is  probably  monomethyl  cholin  lecithin.  The  constitu- 
tion of  cerebrin  is  unknown,  but  in  the  brain  of  the  sheep 
it  contains  the  sugar  galactose,  two  or  four  molecules  of 
stearic  or  oleic  acid  containing  nitrogen,  possibly  united 
to  a liexatomic  alcohol  or  to  glycerin.  The  cerebrins  ob- 
tained from  the  brains  of  different  animals  differ  chemi- 
cally. The  high  content  of  all  nerve  tissues  in  lecithin 
and  cholesterin  is  probably  of  physiological  importance, 


as  will  be  shown  farther  on,  and  possibly  determines 
their  susceptibility  to  the  anaesthetics. 

As  the  conducting  part  of  a nerve  fibre  consists  of 
protoplasm,  it  cannot  continue  to  exist  for  any  length 
of  time  if  cut  off  from  the  rest  of  the  cell,  but  soon  de- 
generates and  disintegrates.  Experiments  on  plant  cells 
and  infusoria  have  shown  that  portions  of  the  cell  cut 
away  from  the  nucleus  die  and  no  longer  grow,  although 
they  may  continue  movement  and  some  other  functions 
for  some  days.5  The  nerve  fibre  shows  the  same  rela- 
tionship, demonstrating  that  its  maintenance  in  a normal 
condition  depends  on  its  connection  with  a nucleated 
part  of  the  cell  body.  If  a mammalian  nerve  is  severed, 
the  peripheral  portion,  whether  sensory  or  motor,  loses 
its  power  of  conduction  and  excitability  in  from  four  to 
six  days.9  In  frogs  conduction  may  persist  for  from 
five  to  eight  days,  and,  in  nerves  kept  cool,  even  longer. 
These  facts  indicate  that  the  nerve  fibre,  however  close- 
its  connection  with  the  peripheral  cell  which  it  innervates, 
is  not  nourished  from  it  and  does  not  enter  into  organic, 
connection  with  it ; and,  further,  that  it  is  not  nourished 
by  the  nuclei  of  the  medullary  sheath.  No  immediate 
functional  reunion  of  the  peripheral  and  the  central  ends 
of  a severed  nerve  can  be  brought  about  by  suturing,  for- 
whether  sutured  or  not  degeneration  of  the  peripheral 
part  always  occurs.  This  is  accompanied  by  the  division 
of  the  nuclei  of  the  medulla  and  the  fragmentation  and 
fatty  degeneration  of  the  axis  cylinder  and  medullary 
sheath.  Degeneration  does  not  extend  gradually  down- 
ward from  the  cut  end  of  the  fibre,  but  takes  place  with 
the  same  rapidity  in  the  whole  of  the  cut-off  portion. 
The  restoral  of  function  in  the  cut  nerve  is  brought 
about  by  the  growth  downward  of  the  central  ends  of 
the  cut  fibres — of  those  fibres,  in  other  words,  still  in 
connection  with  the  nerve  cells.6  These  push  down  in 
the  paths  of  the  degenerating  fibres  and  ultimately  be- 
come medullated  and  re-establish  union  with  the  periph- 
eral organs,  although  this  may  be  prevented  if  the  fibres- 
meet  in  their  course  any  obstacle  which  turns  them  aside. 
There  appears  to  be  no  choice  of  termination  on  the  part 
of  the  fibre — for  example,  of  a motor  fibre  for  a muscle 
cell  or  of  a sensory  fibre  for  a sensory  end-organ — for  if 
the  central  end  of  a sensory  nerve  is  sutured  to  the  pe- 
ripheral end  of  a cut  motor  nerve,  the  sensory  fibres  will 
innervate  the  muscle  fibres  formerly  supplied  by  the  mo- 
tor nerve,  and  vice  versa.7  Also  if  the  vagus  and  sym- 
pathetic be  cut  and  the  central  end  of  the  vagus  cross- 
sutured  with  the  upper  end  of  the  sympathetic  in  the 
neck,  the  vagus  fibres  growing  upward  in  the  paths  of 
the  degenerating  sympathetic  innervate  the  submaxillary 
gland  and  cause  secretion  on  stimulation,  and  thus  take 
on  a secretory  function.8  Similar  facts  have  been  estab- 
lished by  Langley  for  the  fibres  innervating  the  pupil 
and  those  erecting  the  hairs  on  the  cat’s  neck,  and  by 
Cunningham  and  other  observers  in  other  nerves.  The 
time  required  for  the  restoration  of  the  function  of  the 
nerve  will  depend  in  part  on  the  distance  the  nerve  has 
to  grow  to  re-establish  union,  and  in  part  on  the  nerve 
which  is  regenerating.  The  longer  the  distance  which 
the  regenerating  fibre  has  to  grow  before  reaching  its. 
destination,  the  longer  will  be  the  time  required  for  re- 
generation. On  the  other  hand,  nerves  differ  somewhat 
in  their  speed  of  regeneration  or  growth,  and  no  doubt 
constitutional  differences  of  this  sort  exist  among  differ- 
ent individuals.  The  time  required  is  as  a rule  from  two 
weeks  to  four  or  more  months.  For  some  reason  the 
nerve  fibres  within  the  cord  appear  in  mammals  to  have 
little  power  of  regeneration  if  the  cord  is  severed.  The 
reason  for  this  peculiar  reaction  is  not  yet  satisfactorily 
explained.  The  subject  is  badly  in  need  of  careful  in- 
vestigation, since  even  the  possibility  of  regeneration  in 
mammals  is  not  definitely  disproved.10 

Excitability. — Nerves  are  excitable — that,  is,  they 
will  respond  to  stimulation,  at  any  point  in  the  course  of 
the  fibre.  No  variation  in  excitability  at  different  points 
of  the  nerve  has  been  detected  in  any  one  nerve  as  long 
as  it  remains  uninjured  in  the  body,11  but  if  the  nerve  is- 
injured  by  cutting  it  or  its.  branches,  an  increase  of  ex- 
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Paraplc-ria. 

Paraplegia. 


The  paraplegiform  affection  due  to  the  ataxia  of  tabes 
dorsalis  may  give  place  to  a true  paraplegia  by  an  exten- 
sion of  the  degenerative  process  to  the  anterior  cornua, 
producing  muscular  atrophy,  or,  in  the  form  combined 
with  sclerosis,  by  involving  the  pyramidal  tracts,  it  may 
develop  spastic  and  ataxic  paraplegia. 

Spastic  Paraplegia  results,  as  we  have  seen,  from  the 
symmetrical  involvement  of  the  pyramidal  tracts  in  any 
part  of  their  course,  and  is  usually  secondary  to  a trans- 
verse myelitis,  or  to  a transverse  lesion  of  the  pyramidal 
tracts  in  their  intracranial  portion,  or,  particularly  in  in- 
fants, to  arrested  development  of  the  cortical  motor  areas, 
in  both  hemispheres.  It  is  sometimes  termed  double 
hemiplegia.  It  may  affect  chiefly  the  arms,  or  the  legs, 
and  has  the  usual  characteristics,  namely,  spastic  move- 
ments, exaggerated  reflexes,  and  absence  of  sensory  and 
trophic  changes.  Primary  sclerosis  of  the  pyramidal 
tracts  in  the  cord  is  a rare  condition,  if  it  occurs  at  all. 

Intracranial  tumors,  by  pressure  upon  the  crura  and 
pyramidal  tracts  in  the  pons  and  medulla,  or  in  the  cere- 
bellum, may  produce  paraplegia  or  paraplegiform  symp- 
toms, in  some  cases  being  ataxic  rather  than  paretic,  or  a 
combination  of  both. 

Paraplegia  from  Multiple  Neuritis  is  character- 
ized by  both  motor  and  sensory  impairment  involving  all 
the  extremities,  and  ascending  the  members  from  periph- 
ery to  trunk,  also  by  pain,  hyperaesthesia,  tenderness  of 
the  nerve  trunks  to  pressure,  trophic  changes  in  the  mus- 
cles, the  reaction  of  degeneration,  oedema  of  the  extremi- 
ties, the  absence  of  visceral  disturbances  (bladder  and 
rectum),  and  the  absence  of  a constriction  band.  It  is 
most  common  in  those  addicted  to  alcohol,  but  is  also  a 
manifestation  of  certain  endemic  diseases,  such  as  beri- 
beri or  kakki. 

Pseudo-hypertrophic  Paralysis  produces  a form  of 
paraplegia  somewhat  similar  to  poliomyelitis  anterior, 
and  is  considered  by  some  to  be  a form  of  that  affection, 
by  others  to  be  a connective-tissue  disease  of  the  mus- 
cles. The  increase  in  size  of  the  muscle  (usually  the 
calves)  and  its  hardness,  serve  to  distinguish  it  from  or- 
dinary poliomyelitis  anterior. 

There  are  several  forms  of  paraplegia  usually  classified 
under  functional  disorders  of  the  nervous  system,  namely, 
hysterical  paraplegia,  paraplegia  depending  upon  idea, 
reflex  paraplegia,  malarial  paraplegia,  anaemic  paraple- 
gia, alcoholic  paraplegia,  and  toxic  paraplegia. 

Hysterical  Paraplegia  is  a less  frequent  form  of 
hysterical  paralysis  than  that  of  hemiplegic  or  monople- 
gic  distribution.  It  is  less  apt  to  be  confounded  with 
paralysis  of  organic  origin  than  the  other  varieties,  for 
the  reason  that  hysterical  paralysis  resembles  in  its  symp- 
toms a lesion  of  cerebral  motor  tracts  in  the  brain  and 
cord,  rather  than  one  in  the  remaining  portion  of  the  mo- 
tor tract  in  the  cord  and  peripheral  nerves.  The  reaction 
of  degeneration  is  absent  in  hysterical  paralysis.  Atro- 
phy may  be  present,  but  it  is  that  form  which  is  depend- 
ent upon  disuse.  The  volume  of  the  muscles  may  be  re- 
duced in  such  cases,  and  may  give  a feeble  reaction  to 
electrical  excitation ; but,  what  is  of  the  utmost  impor- 
tance, faradic  excitability  in  preserved,  and  the  contractions 
are  quick.  The  skin  and  muscles  may  be  cold,  livid,  and 
flabby,  resembling  paralysis  from  peripheral  or  cornual 
disease,  and  contractures  may  form  as  in  degeneration  of 
the  pyramidal  tracts,  though  in  many  cases  the  muscles 
and  skin  appear  normal,  except  that  voluntary  control  is 
lost.  Tlie  tendon  reflexes  are  rarely  lost;  usually  they 
are  increased,  sometimes  excessively  so.  The  bladder  and 
rectum  are  not  usually  affected,  though  voluntary  control 
over  these  organs  may  be  lost.  Thus,  paraplegia  from 
transverse  myelitis  of  the  lumbar  enlargement  would  not 
be  confounded  with  hysterical  paraplegia  on  account  of 
the  absence  in  the  latter  of  trophic  and  electrical  changes 
in  the  muscles  and  nerves,  bedsores,  and  atrophic  changes 
in  the  bladder;  but  the  latter  might  closely  resemble 
paraplegia  from  transverse  dorsal  myelitis  in  which  these 
signs  are  absent.  The  presence  of  a constriction  band  at 
the  level  of  the  segment  involved,  and  the  sensory,  mo- 
tor, or  reflex  disturbances  in  this  zone  would  exclude 


hysterical  paraplegia.  Hysterical  paralysis  of  all  the 
extremities  might  simulate  cervical  paraplegia  of  mye- 
litic origin,  but  would  be  differentiated  from  it  by  the 
presence  of  trophic  changes  in  the  muscles  of  the  upper  ex- 
tremities, and  by  the  vaso-motor  and  visceral  symptoms 
which  accompany  organic  lesions  of  this  region.  Again, 
the  onset  and  course  of  the  two  classes  of  disease  are  usu- 
ally sufficient  to  distinguish  one  from  the  other.  The  ir- 
ritative stage  of  most  acute  or  subacute  organic  diseases  <ff 
the  cord,  in  which  pain,  hyperaesthesia,  and  slight  motor 
irritation  precede  the  paretic  and  anaesthetic  period,  is  not 
usually  present  in  hysterical  paraplegia.  In  the  latter, 
sudden  development  of  the  paraplegia,  and  sudden  va- 
riations in  its  distribution  and  intensity,  often  serve  to 
indicate  it.  Anaesthesia  and  analgesia  may  have  a dis- 
tribution inconsistent  -with  the  lesions  producing  para- 
plegia of  structural  origin. 

It  must  not  be  forgotten  that  hysteria  may  accompany 
organic  lesions,  and  should  not,  therefore,  be  taken  as 
proof  of  the  hysterical  nature  of  the  paralysis,  unless  or- 
ganic lesions  can  be  excluded. 

Paraplegia  Dependent  upon  Idea  is  a form  de- 
scribed by  Dr.  J.  Russell  Reynolds.  Though  closely 
allied  to  hysterical  paralysis,  it  may  be  independent  of 
hysteria,  hypochondriasis,  and  simulation,  though  fre- 
quently associated  with  functional  debility,  anxiety,  and 
a morbid  imagination.  “Many  cases  of  paraplegia  fol- 
lowing railroad  accidents,”  says  Reynolds,  “may  be 
classed  under  this  head;  the  attention  of  the  victim 
being  influenced  in  the  most  unfortunate  manner  by  the 
stories  of  friends,  inquiries  of  his  physician,  the  talk  of 
his  attorney,  and  the  sober  face  of  the  company’s  phy- 
sician.” Pain,  distributed  in  a manner  inconsistent  with 
the  anatomical  relations,  on  the  supposition  of  an  organic 
lesion ; spasm,  which,  however,  is  sometimes  relaxed  in 
a remarkable  way  when  the  patient’s  attention  is  directed 
elsewhere;  and  paralysis,  which  is  rarely  complete,  and 
almost  identical  with  a voluntary  attempt  not  to  move 
the  parts,  or  to  move  them  with  care,  as  in  simulation, 
are  the  chief  features  of  the  affection.  The  removal  of 
the  morbid  idea,  i.e.,  that  the  patient  is  paralyzed,  or  has 
a severe  disease,  results  in  improvement  or  cure.  An 
award  for  damages  has  also  frequently  proven  a valuable 
therapeutic  agent  in  such  cases. 

Reflex  Paraplegia,  termed  by  older  writers  urinary 
paraplegia,  was  shown  by  Brown-Sequard  to  follow  irri- 
tation not  only  of  the  genito-urinary  tract,  but  also  of  the 
intestines  and  other  viscera  in  animals.  He  attributed  it 
to  an  anaemia  of  the  cord,  due  to  contraction  of  the  blood- 
vessels. while  Charcot  considered  the  motor  weakness 
due  to  inhibitory  action  of  the  sensory  irritation.  'While 
we  must  admit  the  possibility  of  this  form  of  paraplegia, 
it  should  not  be  forgotten  that  organic  lesions  may  have 
been  lost  sight  of,  or  might  be  sufficiently  slight  to  be 
transitory.  The  positive  evidence  of  some  form  of  per- 
ipheral irritation,  the  removal  of  which  has  been  followed 
by  recovery,  is  the  only  basis  on  which  it  should  be  ad- 
mitted, and  then  only  in  the  absence  of  indications  of  or- 
ganic disease. 

Malarial  or  Intermittent  Paraplegia  is  a curious 
form  of  poliomyelitis  anterior,  which  recurs  with  the 
periodicity  of  intermittent  fever.  Alcoholic  paraplegia, 
when  not  due  to  multiple  neuritis,  is  a temporary  affair, 
following  an  alcoholic  debauch. 

Anaemic  Paraplegia  follows  ischtemia  of  the  cord, 
from  pressure  on  the  abdominal  aorta,  and  from  pressure 
or  occlusion  of  the  iliac  arteries  within  the  pelvis,  or 
ischaemia  of  muscles : rare  conditions. 

The  indications  for  treatment,  where  paraplegia  ex- 
ists, are  those  adapted  to  the  correction  of  the  various 
pathological  processes  concerned  in  the  diseases  which  we 
have  considered.  More  than  a brief  resume  would  carry  us 
beyond  the  proper  limits  of  this  work.  In  the  irritative 
stage  of  acute  meningitic  and  myelitic  processes,  rest  is 
the  first  essential.  The  reduction  of  hypenemia,  by 
means  of  agents  supposed  to  cause  vaso-motor  contraction, 
such  as  ergot  and  belladonna,  and  the  relief  of  pain  by 
means  of  cutaneous  irritation  (the  actual  cautery,  blis- 
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ters,  sinapisms,  cupping,  etc.),  and  also  by  morphine, 
may  be  attempted.  The  use  of  cold  to  reduce  inflam- 
mation in  spinal-cord  disease  is  an  uncertain  proced- 
ure, concerning  the  real  effects  of  which  we  know  but 
little. 

In  the  destructive  stage  of  these  conditions,  when  par- 
alytic and  anaesthetic  phenomena  are  present,  rest  may 
still  be  an  important  factor.  The  use  of  mercury,  and 
of  potassium  iodide,  may  be  of  service  in  this  period  to 
promote  the  absorption  of  exudations. 

In  later  stages  and  in  chronic  cases  the  use  of  tonics,  of 
iron,  strychnine,  arsenic,  etc.,  is  called  for.  Nitrate  of 
silver  may  be  indicated.  Electricity  is  usually  to  be 
avoided  in  the  irritative  stage  of  an  acute  affection;  or, 
if  used,  as  for  the  relief  of  pain,  it  should  be  in  the  form 
of  a gradually  increased  galvanic  current,  avoiding  inter- 
ruption. For  the  paralysis,  the  interrupted  galvanic  and 
the  faradic  currents,  to  produce  muscular  contractions, 
and  spinal  applications  of  the  uninterrupted  galvanic 
current,  are  of  value,  as  are  also  massage  and  passive 
movements.  For  anaesthesia,  the  faradic  brush  is  often 
serviceable. 

Extreme  care  and  cleanliness  are  essential  in  all  cases 
of  paraplegia,  and  the  avoidance  of  pressure  and  irrita- 
tion over  the  buttocks  and  sacrum,  on  account  of  the 
danger  and  frequency  of  bedsores.  Attention  must  be 
paid  to  the  bladder  and  rectum.  Catheterization,  con- 
ducted with  extreme  cleanliness,  may  be  necessary,  and 
also  antiseptic  irrigation  of  the  bladder.  Constipation 
must  be  prevented  by  cathartics,  enemas,  etc.  Compres- 
sion myelitis  from  caries,  dislocations,  fractures,  and  other 
traumatisms  requires  appropriate  surgical  treatment. 

IF.  R.  Birdsall. 

PARASITES. — A parasite  is  an  organism  which  lives, 
temporarily  or  permanently,  within  the  body  or  on  the  sur- 
face of  some  other  living  thing  upon  which  it  feeds.  Evi- 
dently, then,  not  only  may  there  be  both  phytoparasites 
and  zooparasites,  but  also  that  form  which  is  parasitized 
upon  and  is  known  as  the  host  may  be  equally  either 
plant  or  animal.  Among  forms  which  find  in  man  at  some 
time  or  in  some  region  a subject  for  attack,  the  phyto- 
parasites include  the  prominent  group  of  bacteria  which 
have  received  attention  elsewhere,  and  a few  fungi 
of  etiological  importance,  in  dermal  affections  chiefly, 
which  have  also  been  discussed.  Here  will  be  given  a 
brief  discussion  of  the  animal  parasites  of  man,  with 
especial  reference  to  their  biological  and  etiological  rela- 
tions. 

It  is  important  to  notice  first  the  wide  range  in  degree 
of  parasitism  exhibited  and  the  manner  in  which  the  va- 
rious grades  merge  into  one  another,  producing  a scale  of 
dependence  in  which  almost  every  stage  is  represented. 
Most  independent  of  all  are  the  temporary  parasites,  like 
the  mosquito,  bedbug,  or  leech,  which  stay  by  the  indi- 
vidual host  only  long  enough  to  secure  a single  meal,  and 
which  present  clearly  the  structure  and  habits  of  free 
living  organisms.  Some  leeches  suggest  most  plainly 
the  close  relation  between  the  carnivorous  and  the  para- 
sitic habit  since  they  often  devour  bodily  small  aquatic 
forms,  but  when  favored  by  opportunity  extract  the 
blood  of  larger  animals.  More  dependent  are  such  forms 
as  the  fleas  which  can  change  their  host  and  often  do  so, 
and  yet  their  structure  has  been  highly  modified  in  the 
loss  of  wings  which  are  generally  characteristic  of  insects 
and  by  the  development  of  powerful  leaping  and  grasp- 
ing organs.  Somewhat  further  modified  in  the  direction 
of  parasitism  are  the  lice,  which,  moreover,  lack  special 
means  for  effecting  a change  of  host,  and  may  be  in- 
cluded among  the  list  of  stationary  parasites — i.  e. , those 
that  remain  with  a single  host  constantly,  or  at  least  for 
considerable  periods  of  time. 

All  of  the  forms  thus  far  noted  are  parasitic  upon  the 
exterior  of  the  host,  and  consequently  are  denominated 
Epizoaor  ectoparasites.  All  human  ectoparasites  belong 
to  the  group  of  Arthropoda,  and  include  both  mites  ( cf . 
Arachnida ) and  true  insects  (cf.  Insects).  Among  the 
water-living  animals,  however,  soft-bodied  forms,  such 


as  flat  worms  (Trematoda)  and  unicellular  animals  (Pro- 
tozoa) occur  as  Epizoa.  With  the  gradual  assumption 
of  an  ahrial  or  terrestrial  existence  on  the  part  of  the  host 
such  parasites  were  necessitated,  if  they  had  not  already 
sought  more  sheltered  regions,  now  at  least  to  abandon 
the  external  surface  and  to  colonize  internal  organs, 
where  thin  mucous  membranes  afforded  facilities  foi^ ex- 
tracting nourishment  similar  to  those  which  existed  on  the 
thin  outer  skin  of  the  aquicolous  animal.  The  c-hoante, 
pharynx,  gills,  lungs,  alimentary  canal,  and  even  the 
bladder  were  thus  invaded  by  forms  whose  kinship  to 
the  ectoparasitic  species  on  these  lower  animals  is  too 
plain  to  fail  of  recognition. 

The  Entozoa  or  endoparasites  of  man,  however,  do  not 
even  belong  to  the  same  branch  of  the  animal  kingdom 
as  the  forms  ectoparasitic  upon  him,  with  the  single 
exception  of  the  rare  and  aberrant  Linguatulids,  now 
usually  regarded  as  highly  degenerate  arachnids  (q. 
though  formerly  classed  with  the  Cestoda.  The  human 
Entozoa  include  Protozoa,  Trematoda,  Cestoda,  and 
Nematoda,  and  many  of  them  are  highly  modified  in 
adaptation  to  the  parasitic  mode  of  existence,  as  com- 
pared to  the  related  free  living  forms  which,  however, 
are  entirely  wanting  in . the  second  and  third  groups- 
listed. 

The  term  helminthology  has  been  used  as  synonymous 
with  animal  parasitology,  and  yet  this  is  a considerable 
extension  of  its  original  meaning.  The  Helminthes  or 
intestinal  worms  included  the  pre-eminently  parasitic 
groups,  such  as  Trematoda,  Cestoda,  and  Nematoda, 
while  the  Protozoa,  Arthropoda,  and  even  the  few  para- 
sitic Terbellaria,  which  are  in  fact  closely  related  to  Tre- 
matoda, were  omitted.  The  term  became  thus  one  of 
convenience  rather  than  of  scientific  accuracy. 

It  is  necessary  to  emphasize  the  fact  that  neither  Hel- 
minthes nor  parasites  constitute  a group  of  systematic 
value.  At  most  the  forms  are  related  in  a biologic 
sense  and  not  structurally,  for  they  are  comprehended  in 
several  distinct  branches  of  the  animal  kingdom,  and  a 
given  form  is  often  more  closely  related  to  free  living 
species  than  toother  parasitic  forms.  Even  the  narrower 
term  Helminthes  embraced  forms  of  little  similarity  to- 
each  other  and  rightly  to  be  distributed  with  their  re- 
lated free  living  species  into  several  distinct  groups, 
namely,  the  Linguatulida  to  the  Arachnida,  the  Tremato- 
da and  Cestoda  to  the  Plathelmintlies,  and  the  Nematoda 
to  the  Nemathelminthes. 

Location. — While  the  majority  of  endoparasites  inhabit 
the  alimentary  canal  and  its  adnexa,  there  is  no  organ 
which  is  immune  to  them.  The  following  list  of  human 
parasites  arranged  according  to  the  organ  inhabited  will 
serve  to  indicate  the  extent  of  the  parasitic  habit,  and 
will  assist  in  the  identification  of  a given  form.  The 
records  given  apply  only  to  the  human  host.  Parasites 
are  entered  under  the  normal  location  of  the  species,  and 
in  the  most  frequent  erratic  location  only;  a few  forms 
of  doubtful  standing,  as  human  parasites  or  of  uncertain 
location  in  this  host,  are  omitted. 


Parasite. 

Stage. 

Type  of 
parasitism. 

Normal 

habitat. 

Re- 

corded 

in 

U.S.A. 

Skin  and  subdermal  tissue. 

Leptodera  Niellyi 

Larva .. 

Accidental. 

Europe 

No. 

Gnathostoma  siamense  . . 

Adult. . 

Occasional. 

Siam 

No. 

Africa 

Yes. 

Uncinaria  duodenale 

Larva. . 

(?) 

Cosmopoli- 

tan. 

Yes. 

Eve. 

Adult. . 

Normal 

(?) 

Africa 

Yes. 

Filaria  lentis 

Adult. . 

<?) 

No. 

Filaria  conjunctivas 

Adult. . 

Occasional. 

Europe 

No. 

Cvsticercus  cellulosa? 

Larva .. 

Erratic 

Europe  

No. 

Echinococcus  polymor- 

Larva.. 

Erratic 

Europe 

\es. 

plius. 

Brain  and  membranes. 

Cysticercus  racemosUs— 

Larva .. 

Erratic 

Europe 

Yes. 

cellulosa?. 

Cvsticercus  acanthotrins. 

Larva.. 

Erratic  (?). 

U.  S.  A . . . . 

Tes. 

Echinococcus  polymor- 

Larva .. 

Erratic 

Europe 

Yes. 

pints. 
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Parasite. 

Stage. 

Type  of 
parasitism. 

Normal 

habitat. 

Re- 

corded 

in 

U.  S.  A. 

Brain  and  membranes. 

Paragonimus  Wester- 

Adult. . 

Erratic .... 

Asia 

* 

manni. 

Connective  tissue. 

Fasciola  hepatica 

Adult. . 

Erratic 

Europe  .... 

* 

Bothriocephalus  Mansoni 

Larva .. 

Occasional . 

China 

No. 

Cvsticercus  cellulosse 

Larva .. 

Normal 

Europe 

Yes. 

Cysticercus  acanthotrias.. 

Larva .. 

Normal 

U.S.  A.... 

Yes. 

Echinococcus  polymor- 

Larva .. 

Normal 

Europe .... 

Yes. 

phus. 

Adult. . 

Normal. . . . 

Africa 

Yes. 

Paragonimus  Wester- 

Adult. . 

Erratic 

Asia 

* 

manni. 

Muscles. 

Cysticercus  cellulosae 

Larva .. 

Normal 

Europe .... 

No. 

Cvsticercus  acanthotrias.. 

Larva.. 

Normal 

U.  S.  A . . . . 

Yes. 

Trichinella  spiralis 

Heart. 

Larva .. 

Normal. . . . 

Cos  mop  o 1 - 
itan. 

Yes. 

Filaria  Magalhaesi 

Adult. . 

(?) 

So.  Amer. . 

No. 

Cvsticercus  cellulosse 

Larva.. 

Erratic  .... 

Europe 

No. 

Echinococcus  polymor- 

Larva.. 

Erratic 

Europe .... 

Yes. 

phus. 

Blood-vessels. 

Fasciola  hepatica 

Adult. . 

Erratic 

Europe 

* 

Schistosoma  hsemato- 

Adult. . 

Normal 

Africa 

Yes. 

bium. 

Echinoccus  polymorphus. 

Larva .. 

Normal 

Europe 

Yes. 

Filaria  immitis  (?) 

Filaria  embryos  (see  key 
under  Nematoda). 
Lymph  vessels. 

Adult. . 

Occasional . 
Normal. . . . 

Europe 

* 

Yes. 

Tropics 

No. 

Filaria  lymphatica 

Adult. . 

Occasional . 

Europe 

No. 

Lungs. 

No. 

Paragonimus  Wester- 

Adult. . 

Normal 

Asia 

* 

manni. 

Cysticercus  cellulosse 

Larva .. 

Normal 

Europe .... 

No. 

Echinococcus  polymor- 

Larva .. 

Normal 

Europe 

Yes. 

phus. 

Strongvlus  apri  

Adult. . 

Occasional. 

Europe 

No. 

Liver. 

Fasciola  hepatica 

Adult. . 

Occasional . 

Europe 

* 

Opisthorchis  felineus 

Adult. . 

Normal 

Russia 

No. 

Opisthorchis  sinensis 

Adult. . 

Normal 

Asia 

Yes. 

■Opisthorchis  noverca  .... 

Adult. . 

Normal 

Asia 

No. 

Adult. . 

Occasional  ? 

Asia 

No. 

Dicrocoelium  lanceatum . 

Adult. . 

Normal 

Europe 

* 

Cvsticercus  cellulosse 

Larva .. 

Normal 

Europe 

No. 

Echinococcus  polymor- 

Larva .. 

Normal 

Europe 

Yes. 

phus. 

Paragonimus  Wester- 

Adult. . 

Erratic 

Asia 

* 

manni. 

Small  intestines. 

No. 

Opisthorchis  felineus 

Adult. . 

Erratic  ... 

Russia 

No. 

Opisthorchis  sinensis 

Adult. . 

Erratic .... 

Asia 

No. 

Heterophyes  heterophyes 

Adult. . 

Normal 

Africa 

No. 

Dibothriocephalus  latus.. 

Adult. . 

Normal 

Europe 

Yes. 

Dibothriocephalus  corda- 

Adult. . 

Occasional. 

Greenland. 

No. 

tus. 

Diplogonoporus  grandis . 

Adult. . 

Occasional. 

Japan  

No. 

Dipylidium  caninum 

Adult. . 

Occasional . 

Europe 

Yes. 

Hyinenolepis  nana 

Adult. . 

Normal  (?). 

Europe 

Yes. 

Hymenolepis  diminuta  .. 

Adult. . 

Occasional . 

Europe 

Yes. 

Hyinenolepis  lanceolata  . 

Adult. . 

Occasional. 

Europe 

No. 

Davainea  madagascaren- 
sis. 

Adult. . 

Occasional 

(?). 

Africa 

No. 

Tsenia  solium 

Adult. . 

Normal 

Cosmopoli- 

tan. 

Yes. 

Tsenia  saginata 

Adult. . 

Normal 

Cosmopoli- 

tan. 

Yes. 

No. 

Yes. 

Taenia  confusa 

Adult. . 

Normal  (?). 

U.S.  A .... 

Strongyloides  stercoralis. 

Adult. . 

Normal 

Asia 

Yes. 

Trichinella  spiralis 

Adult. . 

Normal 

Cos  m o p o - 
litan. 

Yes. 

Adult. . 

No. 

Uncinaria  duodenalis  . . . 

Adult. . 

Normal 

Cosmopoli- 

tan. 

Yes. 

Uncinaria  americana 

Adult. . 

Normal 

America  . . 

Yes. 

Phvsaloptera  caucasica. . 

Adult. . 

(?) 

Caucasus... 

No. 

Ascaris  lumbricoides 

Adult. . 

Normal  — 

Cosmopoli- 

tan. 

Yes. 

Ascaris  canis 

Adult. . 

Occasional . 

Europe 

* 

Ascaris  maritima 

Adult. . 

Occasional . 

Greenland. 

No. 

Oxyuris  vermicularis 

Adult. . 

Normal 

Cosmopoli- 

tan. 

Yes. 

Gigantorhynchus  gigas. . 

Adult. . 

Occasional. 

Cosmopoli- 

tan. 

No. 

Gigantorhynchus  monili- 
formis. 

Adult. . 

Occasional. 

Cosmopoli- 

tan. 

No. 

Parasite. 

Stage. 

Type  of 
parasitism. 

Normal 

habitat. 

Re- 

corded 

In 

U.S.  A. 

Large  intestine. 
Gastrodiseus  hominis 

Adult. . 

Occasional 

India 

Trichocephalus  tricbiurus 

Adult. . 

(?). 

Normal. . . . 

Cosmopoli- 

e) 

Oxyuris  vermicularis 

Female. 

Normal 

tan. 

Cosmopoli- 

Yes. 

tan. 

Kidney. 

Echinococcus  polymor- 

Larva .. 

Normal 

Europe 

Yes. 

phus. 

Dioctophyme  renale 

Adult. . 

Occasional. 

Europe 

* 

Bladder. 

Leptodera  pellio 

Adult. . 

Accidental. 

Europe 

No. 

Anguillula  aceti 

Adult. . 

Accidental. 

U.  S.  A 

Yes. 

Sputum— eggs. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Fasciola  angusta 

Fasciola  hepatica / 

Fasciola  magna,  etc f 

Paragonimus  Wester- 

Recorded  once. 
Not  observed, 
but  possible. 
Frequent  

143-151  X 83-88. 
Given  below  un- 
der Faeces. 
88-103  X 53-68. 

Fig.  a. 

manni. 

Strongylus  apri 

Few  cases 

50-100  X 39-73. 

Sputum— embryos. 

Filaria,  many  species  possible  (see  key  under  Neinatodn ) . 
Urine— Eggs. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Fasciola  hepatica 1 

Fasciola  magna,  etc ( 

Not  observed, 
but  possible. 

Given  below  un- 
der Fasces. 
135-160  X 55-66. 

Fig.  c. 

Filaria  Bancrofti 

Recorded  once. 

35-38  X 15  (or 
35  ? ). 

»'4  41  > r.'. 

Fig.  h.  h'. 

Oxyuris  vermicularis! 

50-54  X 20-37. 

Fig.  </.  d\ 
a",  d"'. 

Urine— Embryos. 

Filaria,  many  species  possible  Csee  key  under  Nematoda) . 

The  eggs  of  the  other  kidney  parasites  will  not  hatch  as  long  as  kept 
in  urine. 

Adult  forms,  like  accidental  parasites  of  the  Nematode  type,  are  so 
small  as  to  be  easily  taken  for  embryos  (see  Anguillula  uceti,  etc., 
under  Nematodn). 

Fjeces—  eggs. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Gastrodiseus  hominis  — 

Recorded  once. 

150  x 72. 

Fasciola  hepatica 

Several  cases  . . 

130-172  X 72-80. 

Fig.  e. 

Fasciola  magna 

Not  recorded  . . 

109-168  X 75-96. 

Fig.  aa. 

Fasciola  angusta 

Recorded  once. 

143-151  X 82-88. 

Distoma  Rathouisi 

Recorded  once. 

1.50  X 80. 

Fasciolopsis  Buski 

Several  cases  . . 

120-126  X 77. 

Opisthorchis  felineus 

Several  cases  . . 

26-30  X 11-15. 

Fig.  f. 

Opisthorchis  noverca 

Recorded  once. 

131  X 21. 

Fig.  ff. 

Opisthorchis  sinensis 

Several  cases . . 

27-30  X 15-17. 

Fig.  (/. 

Dicrocoelium  lanceatum. . 

Several  cases  . . 

40-45  X 22-30. 

Figs,  h.h' 

Heterophyes  heterophyes. 

Frequent 

26-30  X 15-17. 

Fig.  i. 

Paragonimus  Wester- 

Frequent 

88-103  X 53-68. 

Fig.  a. 

manni. 

Dibothriocephalus  latus.. 

Frequent 

68-71  X 45 

Figs.  k,k' 

Dibothriocephalus  corda- 

Reported  once. 

75-80  X 50. 

tus. 

Diplogonoporus  grandis .. 

Few  cases 

63  X 48-50. 

Fig.  I. 

Dipylidium  caninum 

Few  cases 

43-50,  embryo 
32-36. 

Fig.  m. 

Hymenolepis  nana 

Frequent 

39.  or  41  X 31. 

Fig.  ». 

Hymenolepis  diminuta  ... 

Several  cases  . . 

70-86,  embryo 
36  X 28. 

Figs.  0,  o' 

Hymenolepis  lanceolata.. 

Recorded  once. 

50  X 35. 

Taenia  solium 

Frequent 

30-35,  embryo  20 

Figs.p.j/ 

Taenia  saginata 

Common 

(Yolk  mem- 
brane 70)  30-40 
X 20-33. 

Figs,  q,  q' 

Taenia  africana 

Recorded  once. 

31-34  round,  or 
34  X 39. 

Fig.  r. 

30  X 39. 

Fiir.  s. 

Strongvloides  stercoralis. . 

Frequent 

67  X 37. 

Fig.  t. 

Trichocephalus  tricbiurus. 

Common 

50-54  X 21-23. 

Figs,  tt.w' 

* Present  in  the  United  States  of  America  in  some  other  host,  hence 
easily  possible  in  man,  although  no  record  of  its  occurrence  in  the  hu- 
man host  was  found. 


♦Present  in  the  United  States  of  America  in  some  other  host,  hence 
easily  possible  in  man,  although  no  record  of  its  occurrence  in  the  hu- 
man host  was  found. 

+ Only  in  female  through  infection  of  vagina  from  rectum. 


Parasites. 

Parasites. 
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Faeces— Eggs.— Continued. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Strongylus  subtilis 

Several  cases . . 

63-80  X 35-41. 

Fig.  v. 

Strongylus  apri 

Few  cases 

50-100  X 39-72. 

Uncinaria  duodenalis 

Frequent 

55-65  X 32-45. 

Fig.  w. 

Uncinaria  americana 

Frequent 

64-72  X 36-40. 

Figs,  x,  x\ 
x'\  x'". 

Physaloptera  caueasiea. . . 

Reported  once. 

57  X 39. 

Ascaris  lumbricoides 

Common 

50-75  X 40-50, 
fertilized. 
6&-98  x 31-77 
unfertilized. 

Fig.  v y". 
Fig. 

72-68,  spherical. 
50  X 16-20. 

Fig.  z. 
Figs.  d,( J', 
d",  d"’. 

Oxyuris  vermicularis 

Common. 

Gigantorhynchus  gigas. . . 

Few  cases. 

80-109  long,  oval 

Fig.  dd. 

Gigantorhynchus  monili- 
formis. 

Few  cases. 

85  X 40. 

Faeces— Embryos. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate. 

Filaria.* 

Strongyloides  stereoralis.. 

Common 

200-400  long. 

Triehinella  spiralis 

Rare 

90-100  X 6. 

*Many  species  possible  (see  key  under  Ncmatoda). 


One  may  recognize  among  these  parasites  those  which 
occur  in  their  normal  host  but  in  an  unusual  location, 
like  the  brain  cysticerci  or  a liver  fluke  in  a subcutaneous 
cyst;  there  are  also  many  of  the  species  listed  which  can- 
not be  regarded  in  any  way  as  characteristic  of  the  hu- 
man host.  Such  are  the  occasional  parasites  which  are 
species  of  true  parasitic  habit  and  can  attain  normal  de- 
velopment in  the  human  host,  but  ordinarily  do  not  find 
conditions  favorable  for  their  introduction.  As  an  in- 
stance of  such  species  may  be  mentioned  Fasciola  hepat- 
ica , the  common  liver  fluke  of  the  sheep,  which  in  many 
regions  of  the  world  is  extraordinarily  abundant.  That 
it  can  thrive  in  the  human  sj'stem  is  demonstrated  by  the 
score  or  more  of  cases  of  its  occurrence  there  definitely 
recorded ; but  its  infrequence  is  equal  evidence  of  a gen- 
eral immunity  on  the  part  of  man,  lacking  in  these  par- 
ticular cases,  or  of  special  features  in  its  life  history 
which  make  the  infection  of  the  human  host  difficult. 
That  the  latter  is  the  probable  explanation  may  be  in- 
ferred from  the  fact  that  the  cercaria  larva,  liberated 
from  the  intermediate  host,  encysts  on  grass,  and  hence 
could  reach  the  human  alimentary  canal  only  under  un- 
usual circumstances.  Similar  examples  may  be  taken 
from  other  groups  of  parasitic  forms,  such  as  the  rare 
occurrence  in  man  of  Strongylus  a/pri , one  of  the  com- 
monest parasites  of  the  pig  in  Europe,  or  of  Dipylidium 
caninum,  the  cosmopolitan  tapeworm  of  both  dog  and 
cat,  which  has  been  reported  only  rarely  from  man. 

Such  occasional  parasites  often  occur  under  abnormal 
conditions;  thus  a fish  nematode,  Ascends  clavata,  was 
discovered  once  in  the  hollow  tooth  of  a man.  Here  the 
position  was  probably  accidental,  but  in  other  cases  it  is 
the  result  of  the  action  of  the  parasite  itself.  So  the 
“red  spiders,”  or  “ jigger  ” mites  of  the  Central  States 
bury  themselves  in  the  skin  of  man,  although  such  a 
position  is  so  clearly  abnormal  that  in  fact  it  destroys 
the  chance  of  further  development  and  costs  the  parasite 
its  life.  A small  leech,  Limnotis  nilotica,  common  in  the 
Circummediterranean  area,  is  often  drawn  into  the  throat 
of  men  and  other  animals  drinking  at  wayside  pools.  It 
usually  retains  its  position,  causing  serious  difficulty, 
until  removed  by  operative  interference;  hence  it  has  be- 
come an  occasional  parasite  of  man  rather  than,  as  in  the 
case  of  most  leeches,  a temporary  parasite;  or  one  may  re- 
gard it  as  falling  in  the  next  following  group  of  acci- 
dental parasites.  This  example  shows  most  clearly  the 
narrow  and  somewhat  artificial  limits  which  separate  these 
groups  of  parasites  from  one  another.  Of  the  mites  also, 
which  have  been  reported  a few  times  as  obtained  living 
from  stomach,  bladder,  and  rectum,  it  is  difficult  to  say 
whether  they  are  occasional  or  accidental  parasites  of  man. 


There  are  also  rarely  forms  which  commonly  occur  free 
living,  but  which  by  chance  are  introduced  into  some  or- 
gan in  which  conditions  are  such  that  they  can  thrive. 
They  become  thus  accidental  parasites,  a group  difficult 
practically  to  distinguish  from  the  last,  the  occasional 
parasites,  and  yet  presenting  somewhat  different  biologi- 
cal conditions.  The  recent  discovery  by  Stiles  and 
Frankland,  as  well  as  others,  of  the  vinegar  eel,  Anguil- 
lula  aceti,  as  an  apparently  successful  colonizer  of  the 
bladder  in  a female  patient  illustrates  the  type  under 
consideration.  There  is  little  doubt  that  this  parasite 
was  introduced  through  the  use  of  vinegar  in  vaginal 
douches  and  effected  a successful  colonization,  possibly 
by  virtue  of  the  trace  of  albumin  present  in  the  urine 
which  furnished  it  with  nourishment.  Equally  striking 
is  the  case  of  Scheiber,  who  discovered  Leptodera  pellio  in 
the  urine  of  a female  patient  in  Hungary.  This  typical 
slime-inhabiting  nematode  gained  entrance,  no  doubt, 
through  the  application  of  mud  poultices,  which  are 
commonly  employed  by  peasants  in  that  region.  It 
should  be  noticed  that  such  accidental  parasites  are  nec- 
essarily confined  to  those  groups  of  animals  which  have 
free-living  forms.  Such  are  Protozoa,  Nematoda,  and 
perhaps  Insecta  in  the  larval  condition,  while  Cestoda 
and  Trematoda,  which  live  only  as  parasitic  forms  in 
some  host,  would  become  rather  occasional  parasites  of 
man  should  they  stray  into  the  human  system  in  some 
chance  manner  and  find  favorable  conditions  for  exist- 
ence. 

Quite  distinct  from  the  types  just  considered  are  pseu- 
do-parasites, which  rank  high  in  clinical  importance. 
Among  them  one  may  recognize  several  verj-  distinct 
classes.  First,  those  which  are  actually  free-living  ani- 
mals, introduced  by  accident,  usually  in  food  or  drink, 
into  the  human  alimentary  canal,  exciting  there  abnormal 
conditions  which  induce  their  more  or  less  immediate  and 
forcible  expulsion.  Thus  Botkin  found  in  the  vomit  of 
a Russian  numbers  of  a small  nematode  which  he  wrongly 
believed  to  be  a human  parasite.  In  fact  it  lives  nor- 
mally in  the  onion,  and  its  introduction  into  the  stomach 
with  this  food  excited  the  untoward  symptoms  noted. 
Similarly  Blanchard  records  a case  in  which  coleopterous 
larvae  were  found  in  the  vomit  of  a child. 

That  such  may  be  the  result  of  introducing  a true 
parasite  from  some  other  host  is  indicated  by  several 
cases,  like  that  of  Ascaris  maritima,  which  Leuckart  de- 
scribed from  a single  specimen  vomited  by  a child  in 
Greenland,  and  which  this  author  noted  was  very  similar 
to  A.  transfuga  of  the  brown  bear.  In  all  probability  it 
was  ingested  with  the  viscera  of  some  animal  (seal?), 
though  it  may  have  been  a species  which  had  strayed  into 
this  unusual  host,  only  to  make  its  appearance  under  the 
circumstances  noted. 

Of  similar  import  are  the  cases  of  Gordius , the  hair 
snake,  which  have  been  reported  from  man.  In  the  adult 
condition  this  is  normally  a free-living  species,  but  about 
a dozen  specimens  have  been  taken  from  man  after  a sup- 
posed sojourn  of  from  a few  hours  to  fourteen  days. 
Some  of  these  have  been  vomited  and  others  passed  per 
ahum.  This  form  has  often  been  passed  off  upon  the 
physician  as  a true  parasite,  and  in  one  celebrated  case  at 
least  as  the  Guinea-worm. 

In  the  same  way  one  may  find  the  explanation  for  other 
isolated  cases  of  parasitism,  even  when  the  parasite  is  re- 
ported to  have  been  passed  from  the  alimentary  canal. 
ThusCobbold  reported  that  larvae  of  JBlaps  mortisaga,  the 
English  churchyard  beetle,  were  found  in  fecal  dis- 
charges, and  many  authors  have  recorded  the  presence 
of  dipterous  larvae  in  the  alimentary  canal. 

The  majorit  y of  such  observers  have  inclined  to  regard 
these  larvae  as  temporary  endoparasites,  and  to  consider 
that  they  have  accommodated  themselves  to  the  condi- 
tions present  in  the  human  host.  The  cases  seem  to  show 
that  these  larvae  live  for  some  time  in  the  canal,  and  they 
often  appear  to  evoke  serious  or  even  fatal  disturbances; 
and  yet  the  conclusions  are  open  to  grave  doubt,  for  Ca- 
landruccio  experimented  extensively  on  two  families  of 
flies  to  which  many  of  the  supposed  accidental  parasites 
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belong,  and  found  that  the  ingested  larvae  were  regularly 
and  promptly  evacuated,  dead  or  dying,  and  in  no  case 
did  they  secure  a footing  in  the  canal. 

Among  the  myriapods  about  forty  recorded  cases  of 
pseudoparasitism  have  been  brought  together  and  dis- 
cussed by  Blanchard.  In  the  large  majority  the  animal 
was  taken  from  the  nasal  fossse,  though  in  a smaller 
number  it  was  actually  obtained  living  from  the  alimen- 
tary canal,  where  it  undoubtedly  can  exist  for  a brief 
time  in  spite  of  the  untoward  environment.  The  inges- 
tion of  such  forms  is  purely  accidental,  the  symptoms  are 
those  of  helminthiasis  in  general,  and  their  stay  at  most  is 
very  limited.  They  never  show  any  evidence  of  adapta- 
tion to  the  new  environment. 

In  some  such  accidental  fashion  other  forms  are  some- 
times introduced  into  various  organs  not  connected  with 
the  alimentary  system.  Thus  Trouessart  reported  the 
occurrence  of  a species  of  detricolous  Sarcoptids  in  the 
human  testicle  where  the  mites  formed  an  old  colony  in 
a painless  cystic  tumor. 

In  contrast  with  the  living  animals  of  the  types  noted, 
the  second  class  of  pseudoparasites  includes  a large  num- 
ber of  other  structures  which  have  been  described  as 
parasites.  These  may  be  considered  conveniently  in  a 
few  groups,  the  first  of  which  includes  bodies  which  are 
parts  of  the  so-called  host  animal  itself.  Thus  fragments 
of  the  arteria  hyaloidea  have  been  described  as  eye  worms 
( Filar-ici  lentis,  F.  oculi  kumani,  etc.),  the  organisms  of 
whooping-cough  are  nothing  more  nor  less  than  ciliated 
tracheal  cells  torn  from  the  wall  and  found  in  the  sputum 
in  distorted  form,  while  groups  of  small  axillary  and  in- 
guinal glands,  hydatid  moles,  and  Pacchionian  bodies 
from  the  arachnoid  have  been  frequently  put  on  record 
as  hydatid  cysts. 

Parts  of  substances  used  as  food,  both  of  plant  and  of 
animal  origin,  which  have  not  been  destroyed  by  the  ac- 
tion of  digestive  juices  are  also  among  the  pseudopara- 
sites of  man.  The  raduloe  of  the  common  limpet  have 
been  reported  several  times  from  stools;  the  seeds  of  the 
mulberry  were  duly  baptized  as  parasitic  worms;  and 
plant  vessels  and  other  similar  undigested  structures  of 
peculiar  appearance  appear  periodically  as  new  helmin- 
thes.  That  a differentiation  of  such  structures  is  not 
simple  appears  from  the  account  given  by  Stiles  of  the 
partially  digested  banana  fibres  which  closely  simulate 
minute  tapeworms.  Some  years  ago  Leuckart  entrapped 
a group  of  research  students  in  helminthology  with  the 
pulp  vesicles  of  an  orange  which  were  found  in  a fecal 
examination. 

In  all  of  the  cases  considered  above  it  should  be  kept 
in  mind  that  the  animals  or  these  other  structures  actually 
came  from  within  the  human  body.  There  is,  however, 
another  class  of  objects  of  which  this  cannot  be  said. 

In  determining  the  nature  of  unusual  forms  reported 
from  man  it  should  always  be  kept  in  mind  that  in  the 
absence  of  positive  personal  evidence,  suspicion  in  case 
of  neurasthenia  at  least  favors  the  deceitful  introduction 
of  doubtful  bodies.  In  many  cases  on  record  such  things 
as  earthworms,  chicken  entrails,  etc.,  have  been  forcibly 
introduced  into  the  rectum  or  vagina,  and  have  been  sub- 
sequently reported  by  the  attending  physician  as  un- 
doubted human  entozoa  of  a remarkable  character! 
Here  as  elsewhere  the  appearance  of  unusual  structures 
should  at  once  arouse  the  suspicion  of  the  physician  and 
call  forth  a most  searching  examination  of  the  case  in  all 
its  factors,  that  any  deceit  be  disclosed,  or  that  in  the 
event  of  the  discovery  of  some  rare  parasite  all  conditions 
connected  with  its  appearance  be  put  on  record  for  future 
use.  The  large  number  of  parasites  in  other  animals 
which  some  unusual  combination  of  circumstances  may 
bring  into  the  human  system  makes  it  imperative  also 
that  any  supposedly  new  species  be  submitted  to  the 
judgment  of  a specialist  before  it  is  described  as  such. 
Only  in  this  way  can  the  discoverer  avoid  adding  to  the 
long  list  of  synonyms,  which  already  burden  the  liter- 
ature of  this  subject,  and  render  it  so  difficult  for  the  in- 
vestigator not  a specialist  in  this  particular  line  to  find 
his  way  aright.  Furthermore,  it  is  important  to  preserve 


the  fullest  data  in  regard  to  any  substances  associated 
with  the  supposed  parasite,  as  well  as  the  food  of  the 
patient,  whether  usual  or  unusual,  since  in  this  way  some 
hint  as  to  its  introduction  may  be  found. 

Effect  upon  the  Host. — In  the  belief  of  the  medical  pro- 
fession two  hundred  years  ago  there  was  no  disease,  real 
or  imaginary,  which  was  not  due  to  the  presence  and  ef- 
fect of  some  kind  of  parasite.  Each  ailment  had  its  par- 
ticular “worm”  in  its  characteristic  location.  This  was 
a direct  result  of  the  endeavor  to  reduce  every  malady  to 
some  definite  cause,  and  of  the  joining  of  the  unknown 
sickness  with  the  parasites  of  which  they  knew  as  little. 
Under  the  influence  of  study  and  of  increasing  knowledge 
regarding  the  parasites  such  a theory  was  seen  to  be  un- 
tenable, and  the  movement  in  the  opposite  direction  be- 
gan, a tendency  which  may  be  saiil  by  this  time  to  have 
passed  its  height. 

It  is  true  that  internal  parasites  are  very  widely  dis- 
tributed, and  that  scarcely  any  individual  is  entirely  free 
from  them.  They  are,  however,  usually  present  in  lim- 
ited numbers,  and  are  believed  to  be  harmless  if  infre- 
quent or  of  small  size.  This  does  not  seem  to  be  strictly 
correct,  for  while  it  is  doubtless  true  that  the  effect  of  a 
single  parasite,  or  even  of  a considerable  number  of  mi- 
nute size,  is  small  and  difficult  to  measure  or  estimate,  it 
is  equally  clear  that  even  this  is  a certain  drain  on  the 
host.  Furthermore,  the  tax  on  the  host  is  in  proportion 
not  only  to  the  number  and  size,  but  also  to  the  habits  of 
the  parasites  present.  Thus  there  is  a great  difference 
whether  the  parasite  isactive  and  growing  in  the  alimen- 
tary canal  or  some  other  cavity  in  the  body  of  the  host, 
or  passively  resting  in  the  midst  of  the  tissue  of  some 
organ. 

While  encysted  parasites  exercise  a continued  and 
sometimes  serious  pressure  on  adjacent  tissue,  yet  the 
draft  on  the  host  by  free  parasites  is  much  the  greatest, 
and  manifests  itself  in  three  ways.  The  parasite  re- 
quires a certain  amount  of  food  for  its  support;  this  it 
takes  directly  from  the  host,  either  from  that  which  the 
latter  has  digested  for  its  own  use,  if  the  parasite  be  in 
the  alimentary  canal,  or  from  material  which  the  host  has 
formed  to  perform  certain  work,  as  in  the  case  of  blood 
parasites,  or  from  the  tissue  of  the  host,  as  in  the  case  of 
some  intestinal  worms  which  feed  on  the  cells  composing 
the  wall  of  the  intestine.  In  any  case  the  host  expends 
at  least  the  extra  energy  necessary  to  procure  and  digest 
the  food  taken  by  the  parasite,  and  this  extra  labor  will  lie 
directly  in  proportion  to  the  amount  of  food  taken,  or  in 
general  to  the  size  of  the  parasite  and  to  its  fertility. 

In  the  second  place  the  parasite  occupies  a certain 
amount  of  space,  and  correspondingly  reduces  the  calibre 
of  the  tube  in  which  it  lives.  Unless  a considerable  num- 
ber are  present  this  is  hardly  a practical  stoppage  for  the 
alimentary  canal,  although  in  several  recorded  cases  death 
has  followed  occlusion  of  the  canal  by  a mass  of  asearids. 
and  in  the  case  of  the  blood  system  a vessel  may  be  closed 
or  a clot  formed  by  the  presence  of  even  a very  few  para- 
sites. 

In  the  third  place  active  parasites  will,  by  their  move- 
ments, give  rise  to  a certain  amount  of  irritation  and  in- 
flammation of  the  membranes  over  which  they  move. 
This  is  in  some  ways,  perhaps,  the  most  serious  trouble 
which  a few  parasites  can  cause,  and  it  is  much  increased 
if  in  the  special  case  the  parasite  obtains  its  food  at  the 
expense  of  the  tissues  of  the  host,  that  is,  if  it  tears  or 
consumes  the  walls  of  the  cavity  in  which  it  lives.  A 
secondary,  though  possible,  result  of  this  manner  of  liv- 
ing is  the  liability  of  rupturing  some  blood-vessel,  with 
consequent  serious  results,  as  in  the  case  of  certain  lung 
flukes  which  may  chance  upon  some  large  blood-vessel 
and  in  this  way  produce  even  fatal  hemorrhage.  In  the 
alimentary  canal  a single  ascaris  may  perforate  the  wall 
and  induce  fatal  peritonitis,  as  has  been  observed  several 
times  in  recent  years.  It  is  evident,  then,  that  no  more 
than  a single  active  parasite  may  be  dangerous,  and  that 
it  is  always  some  tax  on  the  domestic  economy  of  its 
host.  Of  course,  the  effect  of  a microscopic  worm  in  the 
alimentary  canal  of  an  elephant  will  be  so  small  that  it 
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could  hardly  be  calculated  in  any  way;  but  this  reason- 
ing should  not  be  extended  too  far.'  The  disturbance 
produced  in  the  human  system  by  a single  tapeworm  is 
sufficient  to  call  for  prompt  measures  to  remove  it. 

Recent  studies  have  demonstrated  the  presence  of  liae- 
moglobin  in  the  alimentary  canal  of  many  nematode 
parasites,  the  pathological  effects  of  whose  activities 
must  be  counted  much  more  important  than  heretofore 
estimated  by  reason  of  this  blood-sucking  habit.  Thus 
in  cases  of  uncinariasis  the  amount  of  blood  lost  from 
myriads  of  minute  hemorrhages  imparts  a characteristic 
reddish-brown  color  to  the  feces,  the  intestinal  wall  be- 
comes seriously  affected  and  affords  places  of  easy  attack 
for  any  pathogenic  germs  which  may  be  present.  This 
indirect  damage  may  be  very  serious  in  the  individual 
instance,  and  may  include  primarily  or  secondarily  unde- 
sirable retrogressive  or  progressive  histological  changes, 
inflammatory  processes,  and  disturbances  in  the  circula- 
tion. 

Another  source  of  danger  from  parasites  is  one  which 
has  long  been  surmised  but  only  recently  demonstrated. 
A number  of  investigators  have  shown  that  various  Ces- 
toda,  Acanthocepliala,  and  Eunematoda  contain  definite 
poisons  (toxins)  which  when  extracted  and  employed  ex- 
perimentally affect  particularly  the  nervous  system  and 
the  formation  of  blood.  The  continued  formation  and 
giving  off  of  such  a substance  would  explain  the  appar- 
ently excessive  results  of  parasitism  in  some  instances, 
results  which  are  shown  prominently  in  reflex  nervous 
symptoms  such  as  have  been  noted  under  Argas  ( Arach - 
nida),  and  Tania  ( Cestoda).  In  a certain  proportion  of 
cases  pernicious  anaemia  is  the  result  of  this  toxic  effect, 
and  is  accompanied  by  a mortality  of  seventeen  per  cent., 
according  to  one  report  regarding  Bothriocephalus. 
Whether  the  poison  is  elaborated  by  the  parasite  or  is 
produced  by  pathological  processes  in  the  worm  or  by 
its  death,  as  well  as  the  ground  for  the  variability  in  the 
toxic  action  of  different  specimens,  are  questions  as  yet 
undecided.  It  has  been  shown,  however,  that  extracts 
from  different  species  of  lielminthes  vary  considerably  in 
toxic  power.  Yaullegrard  has  isolated  two  toxic  princi- 
ples, one  of  which  acts  upon  nerve  centres  and  the  other 
upon  muscles,  and  many  symptoms  produced  experi- 
mentally by  the  injection  of  these  substances  are  analo- 
gous to  those  manifested  in  parasitic  disease.  According 
to  this  chemical  theory,  the  troubles  caused  by  parasites 
are  due  to  the  formation  of  toxic  substances  more  rapidly 
than  their  elimination  by  the  host,  and  their  consequent 
accumulation  in  the  system. 

It  is  noteworthy  that  eosiuopliilia  has  been  recorded  as 
a frequent  if  not  universal  symptom  in  parasitic  infec- 
tions. From  15  to  50  per  cent,  of  eosinophiles  in  trichi- 
nosis, 10  per  cent,  in  uncinariasis,  15  per  cent,  in  oxyuris 
infection,  and  20  per  cent,  in  ascarid  infection  are  aver- 
age figures.  The  percentage  varies  greatly  and  does  not 
appear  to  be  constant,  while  it  is  present  in  other  path- 
ological conditions  as  well. 

Life  History. — Normal  parasitism  is  related  to  the  life 
history  of  the  parasite  with  peculiar  intimacy.  Among 
accidental  parasites  the  animal  seems  to  continue  the 
usual  method  of  multiplication  under  the  changed  condi- 
tions. Thus  Oerley  was  able  to  colonize  Leptodera  pellio 
in  the  vagina  of  mice  where  they  reproduced  normally. 
But  in  case  of  the  well-known  Ithabdonema  nigrovenosum 
of  the  frog  the  parasitic  generation  alternates  with  a free 
living  generation,  and  the  two  are  distinguished  only 
slightly  in  structure  but  radically  in  method  of  repro- 
duction, since  the  one  is  dioecious  and  the  other  herma- 
phroditic. In  the  case  of  the  parasite  of  Cochin  China 
dysentery  also,  Strongyloides  stercoralis, there  is  a herma- 
phroditic parasitic  generation  and  a dioecious  free-living 
generation,  in  which  the  individuals  differ  noticeably 
from  the  first.  Alternation  of  generation  is  not  infre- 
quent among  true  parasites,  but  it  usually  bears  a differ- 
ent relation  to  the  life  history,  and  one  which  will  be 
clear  after  the  examination  of  the  simpler  cases. 

In  the  simplest  case  which  is  exemplified  by  many  of 
the  Nematoda  parasitic  in  the  alimentary  canal  the  eggs 


reach  the  exterior  with  the  feces  of  the  host,  and  in  them 
or  in  water  undergo  development  until  after  a brief  pe- 
riod of  growth,  either  still  enclosed  in  the  protecting  egg 
membranes,  as  is  the  case  in  Ascaris  lumbricoides,  the 
common  stomach  worm,  or  as  a free-living  form  in  the 
water,  the  larva  is  ready  to  be  reintroduced  into  the  hu- 
man alimentary  canal.  Then  it  undergoes  its  transfor- 
mation into  the  adult,  which  is  usually  only  growth,  and 
the  formation  of  the  reproductive  organs  which  are  pres- 
ent in  the  larva  in  the  form  of  a single  cell  or  group  of 
cells'  near  the  centre  of  the  body,  often  so  insignificant  in 
the  undeveloped  condition  as  to  escape  observation.  This 
type  of  development  may'  be  somewhat  complicated  by 
the  sojourn  of  the  parasite  in  one  region  of  the  canal, 
where  it  passes  through  the  earlier  stages  of  develop- 
ment and  becomes  sexually  mature  before  seeking  its 
definitive  location.  Such  is  the  case  in  the  pinworm, 
Oxyuris  vermicular  is,  which  grows  to  sexual  maturity  in 
the  ileum,  while  the  pregnant  females  migrate  to  the  rec .- 
turn  in  order  to  make  periodic  excursions  to  the  perineum 
for  oviposition. 

A more  complicated  development  is  illustrated  by  the 
Guinea-worm,  Filaria  medinensis,  in  which  the  embryos 
set  free  into  the  water  seek  out  a new  host  and  enter'  its 
body  in  order  to  pass  through  the  early  stages  of  develop- 
ment there.  After  having  attained  a certain  stage  of 
growth  in  this  host  the  larval  parasite  is  read}-  for  intro- 
duction into  the  final  host,  in  which  it  reaches  sexual 
maturity,  and  this  change  is  effected  probably  by  chance. 
The  host  in  which  the  sexually  mature  parasite  occurs  is 
known  as  the  primary,  while  the  secondary  is  that  in 
which  the  larva  is  found. 

In  the  extreme  case  the  life  history  is  so  modified  that 
the  parasite  never  reaches  the  external  world,  but  passes 
from  one  host  to  another  directly.  Here  the  ultimate  ex- 
treme of  the  parasitic  habit  has  been  attained.  As  illus- 
trations of  this  several  species  of  Filaria  and  Trichinella 
may  be  instanced.  In  Filaria  Bancrofti  the  adult  is 
parasitic  in  lymph  glands  and  the  embryos  are  set  free  in 
the  blood  stream.  From  this  they  are  sucked  out  into 
the  body  of  a mosquito  and  there  undergo  early  develop- 
ment, only  to  be  reintroduced  at  a later  stage  into  the 
body  of  a new  host  where  the  mosquito  is  biting.  In 
Trichinella  spiralis  the  encysted  larvae  in  flesh  are  set  free 
in  the  stomach  by  processes  of  digestion.  They  wander 
into  the  duodenum,  and  after  attaining  sexual  maturity 
the  female  penetrates  a villus  and  sets  free  the  embryos 
which,  reaching  the  muscle  tissue  through  the  agency  of 
the  blood  current,  encyst  there  and  await  transference  to 
a new  host.  Thus  in  both  cases  no  part  of  the  life  his- 
tory takes  place  in  the  external  world,  and  the  transfer 
of  the  parasite  is  dependent  upon  the  carnivorous  or 
blood  sucking  habit  of  the  animal  which  functions  in 
the  one  case  as  secondary  host  and  in  the  other  alter- 
nately as  primary  and  secondary  host,  but  in  different 
organs. 

A still  more  complicated  relation  is  found  in  the  ma- 
jority of  Trematoda  and  in  some  Cestoda  when  the  change 
of  host  is  associated  also  with  an  alternation  of  a sexual 
with  an  asexual  generation.  In  most  Cestoda  the  eggs 
develop  into  an  embryo  which  in  the  secondary  host 
gives  rise  by  metamorphosis  to  a peculiar  larva,  the 
bladder  worm ; and  this  after  its  transfer  to  the  primary 
host  develops  into  the  adult  tapeworm.  The  relation  be- 
tween primary  and  secondary  host  here  is  generally  that 
of  food  and  feeder.  Thus  the  bladder  worms  of  the  two 
most  common  human  cestodes  are  found  in  the  flesh  of 
cattle  and  hogs  respectively  and  develop  when  intro- 
duced into  the  alimentary  canal  of  man  into  the  adult 
tapeworm.  Though  somewhat  complicated  by  radical 
changes  in  form,  the  process  is  generally  regarded  merely 
as  a metamorphosis.  The  case  is  somewhat  different  in 
those  forms,  as,  for  instance,  Tcenia  echinococcus,  in  which 
the  bladder  worm  proliferates,  forming  not  a single  head 
merely,  but  several  or  many,  from  each  of  which  when 
introduced  into  the  proper  host  there  may  develop  an 
adult  cestode.  Here  the  larva  in  the  secondary  host 
multiples  asexually,  while  the  adult  in  the  primary  host 
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reproduces  sexually.  The  change  of  hosts  is  accom- 
panied by  an  alternation  of  generations  or  metagenesis. 

In  the  Trematoda  one  finds  the  same  alternation  of 
generations  coupled  with  change  of  hosts,  only  that  the 
asexual  generation  may  be  repeated  and  the  life  history 
further  complicated  by  the  introduction  of  a new  host, 
the  tertiary,  in  which  a stage  of  the  development  is 
passed.  Among  those  forms  of  which  the  life  history 
has  been  ascertained  great  difference  obtains  in  detail ; of 
the  species  parasitic  in  man  the  development  is  as  yet 
known  only  in  part  so  that  the  general  statement  may 
suffice  and  reference  be  made  for  details  to  the  special  ac- 
count of  the  group  given  elsewhere. 

Mode  of  Introduction.—  The  life  history  often  gives  a 
clew  to  the  means  by  which  the  parasite  gains  introduc- 
tion into  the  human  host.  Thus  the  discovery  of  blad- 
der worms  or  of  larval  Trichinellm  in  pork  suggested  at 
once  the  manner  of  infection,  namely,  by  eating  the  flesh 
containing  these  larval  stages  without  the  Mesh  having 
been  subjected  during  preparation  to  conditions  such  as 
to  kill  the  larvse.  This  method  of  infection,  namely,  the 
introduction  of  encysted  larvae,  is  characteristic  for  the 
Cestoda.  Those  species  most  common  as  adults  in  man 
among  civilized  nations  are  obtained  directly  from  arti- 
cles of  food,  as  Tania  saginata  from  beef,  Dibo  tin  ioceph  a - 
luslatas  from  fish;  other  less  frequent  species  as  ITymeno- 
lepis  diminuta , Davainea  madagascarensis,  and  others  of 
which  the  larval  stages  are  found  in  insects  (cockroach, 
beetle,  mealworm)  owe  their  introduction  perhaps  to  the 
chance  inclusion  of  such  infected  insects  in  bread,  pud- 
dings, or  other  similar  articles  of  food. 

Disregard  of  personal  cleanliness  on  the  part  of  the  in- 
dividual, the  habit  of  biting  the  finger-nails,  and  among 
children  the  practice  of  sucking  fingers  or  toes  serve  to 
infect  such  with  the  eggs  or  embryos  of  many  parasites 
or  to  increase  an  infection  already  acquired.  In  this  way 
there  is  introduced  the  larva  of  Dipylidium  caninum 
which  lives  in  the  dog  and  cat  fleas,  the  eggs  of  Ascaris 
cams , the  dog  and  cat  round  worm,  eggs  of  Oxyuris  ver- 
micularis  which  are  deposited  upon  the  perineum  of  the 
host,  eggs  of  Cysticercvs  cellvlosce  when  the  adult  is  pres- 
ent in  the  same  host,  and  many  other  species.  Contami- 
nation of  hands  with  eggs  from  dirt  and  consequent 
infection  of  the  individual  is  common  in  children  and 
field  laborers,  and  may  introduce  any  form  of  which  the 
eggs  are  capable  of  causing  the  direct  infection;  these 
forms  are  Ascaris  lumbricoides,  Triclwcephalus  trichiuris, 
and  other  Nematoda. 

The  introduction  of  eggs  and  embryos  takes  place  in 
the  majority  of  cases,  no  doubt,  through  the  contamina- 
tion of  the  water  supply.  Almost  all  the  eggs  of  the 
helminthes  develop  in  standing  water,  and  primitive 
methods  of  obtaining  drinking-water  from  pools  afford 
the  best  means  of  disseminating  the  species.  Salads  and 
other  foods  eaten  uncooked  serve  as  further  means  of  in- 
fection, especially  in  those  regions  where  it  is  customary 
to  use  human  excrement  to  enrich  the  soil,  or  where  the 
water  supply  of  the  village  is  dependent  upon  infected 
sources. 

Among  the  important  parasites  which  reach  the  human 
system  as  eggs  in  water  or  on  uncooked  vegetable  food 
are  of  the  Cestoda : Cysticercvs  cellidosa\  the  larva  of  Ta- 
nia solium,  Echinococcus  polymorphic,  the  larva  of  Tania 
echinococcus ; of  the  Nematoda;  Ascaris  lumbricoides , A. 
canis,  Oxyuris  vermicu laris,  Triclwcephalus  trichiuris ; of 
the  Linguatulida : Pentastoma  denticulatum,  Porocephahts 
constrictus. 

Of  those  which  as  larvae  attain  the  human  host  in  the 
same  manner  one  may  list  all  the  Trematoda  parasitic  in 
man,  and  of  Nematoda  Strongyloides  stercoralis  and  possi- 
bly TJncinaria  duodenalis,  though  according  to  the  studies 
of  Looss  the  latter  seems  to  bore  its  own  way  actively 
into  the  body  of  the  host. 

The  part  played  by  chance  in  the  introduction  of  para- 
sites is  very  large.  Grubs,  hairworms,  maggots,  and 
even  tapeworms  have  been  taken  from  wells  and  from 
running  water.  The  same  forms  occur  frequently  in  va- 
rious kinds  of  fruit;  others  in  old  or  carelessly  handled 


meat,  also  mites  in  cheese  and  fruit;  and  any  or  all  of 
these  may  at  times  reach  the  human  alimentary  canal, 
where  according  to  their  adaptability  they  become  occa- 
sional, accidental,  or  pseudoparasites.  Their  presence 
may  be  made  known  at  once  by  adverse  conditions,  or 
they  may  remain  long  undetected  so  that  their  source  is 
fully  unknown.  They  may  reach  peculiar  locations,  as 
is  shown  by  the  flesh  fly  maggot  taken  from  an  abscess 
in  the  middle  ear,  which  it  had  in  all  probability  reached 
by  active  migration  through  the  Eustachian  tube,  having 
been  introduced  into  the  throat  with  a piece  of  meat. 

Factors  Controlling  the  Abundance  of  Parasites. — The 
life  of  man  in  communities  led  at  first  to  a large  increase 
in  the  number  of  parasites  and  to  frequent  epidemics; 
and  both  of  these  results  were  due  to  conditions  resulting 
from  the  communal  life.  Of  primary  importance  is  the 
impure  water  supply  which  semicivilized  communities 
are  wont  to  draw  from  the  nearest  pool.  The  minute, 
well-protected  eggs  of  parasites  distributed  in  fecal  mat- 
ter everywhere  (for  such  communities  are  not  exacting  in 
their  demands  for  the  disposition  of  waste)  are  carried  by 
rainwater  and  distributed  over  large  areas  contiguous  to 
the  settlements  and  contaminate  generally  the  surface 
water  of  the  district.  In  case  the  parasite  develops  di- 
rectly, the  human  host  becomes  infected  by  the  use  of 
this  surface  water;  and  if  it  is  a form  requiring  a second- 
ary host,  the  same  conditions  give  it  easy  access  to  the 
forms  which  serve  as  such,  since  these  are  largely  domes- 
tic animals.  The  close  relation  of  the  abundance  of 
parasites  to  the  water  supply  is  well  illustrated  by  the 
case  of  Bothriocephalvs  latus.  This  form  is  very  common 
in  a few  regions  in  Europe,  all  of  which  are  proximate  to 
bodies  of  water.  The  intermediate  host  is  a fish,  and  the 
very  means  adopted  by  civilized  communities  for  remov- 
ing danger  of  contamination  from  waste,  namely,  the 
sewage  system,  became  the  medium  through  which  the 
eggs  and  embryos  were  carried  into  the  lake.  There  they 
found  suitable  secondary  hosts  in  the  fish  which  subse- 
quently reached  the  city  markets  further  to  infect  the 
populace.  The  life  cycle  was  complete  within  narrow 
geographical  limits,  and  the  element  of  chance  which 
plays  a large  part  in  limiting  the  numbers  of  parasitic 
animals  was  reduced  to  lowest  terms. 

The  dangers  of  parasitic  infection  in  communal  life, 
which  pays  little  attention  to  the  amount  and  character 
of  surrounding  surface  water,  is  also  illustrated  by  the 
spread  of  malaria,  elephantiasis,  and  yellow  fever,  which 
depend  upon  the  abundance  of  mosquitoes  bred  in  this 
casual  water.  It  has  been  abundantly  shown  that  crimi- 
nal carelessness  on  the  part  both  of  individual  and  com- 
munity has  multiplied  breeding  places  and  contributed 
materially  to  the  spread  of  these  diseases.  Even  the  in- 
vention of  protective  screens  has  not  been  able  to  cope 
with  these  aggravating  carriers  of  disease. 

The  habit  of  the  isolated  individual  is  also  that  of  the 
community,  even  such  as  may  be  well  advanced  in  the 
social  scale,  namely,  to  deposit  human  excrement  indis- 
criminately. This  method,  which  even  to-day  is  practised 
in  some  parts  of  the  United  States,  is  well  calculated  to 
give  to  eggs  of  parasites  a maximum  opportunity  for  de- 
velopment. The  same  opportunity  is  afforded  when  the 
Chinese  gardener  employs  for  the  enrichment  of  his  gar- 
den patch  human  excrement  from  the  neighboring  vil- 
lage. 

The  same  massing  of  individuals  which  has  made  the 
community  more  liable  to  parasitic  infection  plays  its 
part  in  the  infection  of  the  secondary  hosts,  especially 
those  which  are  domesticated  animals.  If  the  ground  on 
which  cattle  are  grazing  becomes  infected  by  tapeworm 
eggs,  the  entire  herd  may  receive  bladder  worms.  The 
infection  of  a single  hog  with  trichina1  means  the  con- 
tamination of  the  entire  group  if  the  pernicious  habit  is 
followed  of  feeding  to  others  the  remnants  of  a slaugh- 
tered animal.  Just  here  is  the  chief  reason  for  the  strong 
condemnation  which  has  been  visited  upon  local  slaugh- 
ter-houses. They  regularly  feed  the  offal  to  hogs,  and 
by  so  doing  further  the  spread  of  such  parasites.  In  the 
large  packing  establishments  the  requirements  of  modern 
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industrial  success  are  met  by  regulations  which  cure  the 
evils  referred  to.  All  remnants  are  used  and  are  sub- 
jected to  processes  which  destroy  whatever  parasites 
may  be  included.  Under  these  conditions  one  may 
safely  predict  the  gradual  disappearance  of  parasites,  es- 
pecially with  the  co-operation  of  certain  factors  not  yet 
mentioned. 

In  addition  to  municipal  features  as  noted,  personal 
habits  play  an  important  part.  Cleanliness  of  person 
and  hands,  coupled  with  careful  ablution  not  only  of  the 
person  but  also  of  the  various  articles  of  food,  reduces 
the  percentage  of  parasitic  infection.  A simple  infec- 
tion of  Triclwcephalus  becomes  manyfold  greater  by  the 
accidental  transfer  of  eggs  from  the  skin  near  the  anus, 
where  they  are  deposited,  to  the  mouth.  The  reality  of 
such  supposed  auto-infection  is  proved  by  the  high  de- 
gree of  infection  among  insane  and  defective  classes 
which  are  known  to  exercise  little  care  over  personal 
cleanliness.  No  doubt  many  eggs  of  parasites  are  intro- 
duced on  salads  and  other  uncooked  foods  which  are 
eaten  without  sufficiently  careful  cleansing  previously. 

The  employment  of  footgear  and  hand  coverings  is  in- 
fluential also,  because  it  reduces  directly  the  likelihood  of 
infection  from  eggs  of  parasites  contained  in  earth,  etc., 
which  with  uncovered  hands  become  temporarily  im- 
prisoned beneath  the  finger  nails  of  the  field  laborer. 
These  coverings  may  also  play  a considerable  part  in 
preventing  infection  with  Uncinaria  if  the  observations 
of  Looss  are  confirmed  that  the  larvae  enter  the  body  by 
an  active  migration  through  the  skin,  chiefly  of  the 
hands  and  feet,  with  which  they  come  in  contact  in  the 
case  of  field  laborers. 

Another  factor  which  has  tended  to  reduce  the  percen- 
tage of  parasitic  infection  is  the  less  intimate  association 
of  the  more  highly  civilized  individuals  with  domestic 
animals,  especially  dogs.  The  parasites  of  these  ani- 
mals, and  in  particular  one  species,  Tmnia  echinococcus, 
possess  great  clinical  importance  for  man.  Not  only  is 
it  apparently  less  frequent  than  previously,  but  also  its 
frequence  is  certainly  greatest  now  in  those  regions  in 
which  the  inhabitants  live  most  familiarly  with  their 
dogs.  It  should  be  noted  also  that  the  initial  infection 
of  the  dog  is  prevented  by  keeping  from  it  the  offal  from 
slaughtered  cattle  and  sheep. 

Probably  more  influential  than  any  other  factor  in  de- 
termining the  reduction  in  degree  of  parasitism  is  the  use 
of  cooked  food.  A large  part  of  the  flesh  food  of  semi- 
civilized  man  is  eaten  raw  or  only  partially  cooked,  in 
which  condition  the  larval  parasites  are  capable  of  de- 
velopment to  the  adult  on  reaching  the  alimentary  canal 
of  the  new  host.  Were  all  animal  food  eaten  only  when 
thoroughly  cooked,  the  common  tapeworms  and  the 
dreaded  Trichinella  would  cease  to  have  clinical  impor- 
tance. The  abundance  of  Tcenia  naginata,  the  beef  tape- 
worm, where  beef  is  eaten  raw,  of  T.  solium,  the  pork 
tapeworm,  where  raw  ham  is  a delicacy,  and  of  Dibothri- 
ocephalus  latus,  the  broad  tapeworm,  where  partly  cured 
fish  is  eaten  uncooked,  furnishes  the  demonstration  of  the 
proposition  advanced.  And  so  long  as  pork  is  eaten  un- 
cooked cases  of  trichinosis  will  occur,  whatever  means 
may  be  taken  to  reduce  the  danger  by  meat  inspection. 

That  factor  which  is  about  to  be  considered  is  destined 
to  play  the  greatest  role  in  the  limitation  of  parasitism ; 
it  is  the  intellectual,  and  by  it  is  brought  about  the  deter- 
mination of  a rational  hygiene  and  its  application  by  the 
individual.  National  prejudice  or  established  custom 
can  oppose  its  introduction  only  temporarily,  and  it  must 
ultimately  succeed  in  reducing  to  lowest  terms  the  para- 
sitic infections  of  man  and  the  important  food  animals. 

Henry  B.  Ward. 
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PARATHYROIDS.  (NORMAL  AND  PATHOLOGICAL 
ANATOMY.) — In  1880  Saudstrom  discovered  the  pres- 
ence of  small  glandular  organs  on  the  posterior  surfaces 


of  the  lateral  lobes  of  the  thyroid.  He  found  these  to  be 
of  constant  occurrence,  and  from  their  structure  regarded 
them  as  embryonic  thyroid  tissue ; he  accordingly  named 
them  glandules  'parathyroideat.  A year  later,  the  same 
organs  were  independently  discovered  by  Stieda  in  em- 
bryos of  the  pig,  and  by  Baber  in  different  animals.  The 
former  regarded  them  as  carotid  glands,  the  latter  as  em- 
bryonic thyroid  tissue.  But  little  attention  was  paid  to 
these  glands  until  1891,  when  Gley  asserted  their  impor- 
tance. In  the  few  years  immediately  following,  his  state- 
ments were  supported  by  numerous  observers.  In  1895 
the  first  careful  study  of  the  minute  anatomy  of  the  para- 
thyroid was  given  by  Scliaper.  Numerous  experimental 
investigations  followed,  both  in  normal  and  thyroidecto- 
mized  animals,  showing  the  physiological  importance 
of  these  structures.  Various  names  have  been  proposed 
for  them : “ epithelial  bodies,  ” “ accessory  glands,  ” “ acces- 
sory thyroids,"  “ glandules  thymiques, ” etc.;  the  original 
designation  parathyroid  has  the  advantage,  however,  that 
the  organs  are  not  thereby  confused  with  the  accessory 
glands  having  the  true  thyroid  structure. 

As  to  the  physiology  of  the  parathyroids  and  their 
function  no  absolute  knowledge  has  yet  been  obtained. 
It  was  first  believed  that  they  had  a direct  connection 
with  the  thyroid,  and  could  compensate  for  it.  Later 
experimental  investigations  in  transplantation  and  extir- 
pation, as  well  as  in  feeding  with  gland  substance,  have 
shown  that  the  parathyroids  have  a function  distinct 
from  that  of  the  thyroid.  The  loss  of  the  thyroid  leads 
to  a chronic  disease,  that  of  the  parathyroids  to  an  acutely 
fatal  disease.  Feeding  with  gland  substance  is  effective 
only  in  case  of  the  administration  of  the  same  gland  sub- 
stance as  that  of  the  organ  affected ; thus*thyroid  feeding 
is  of  value  only  in  case  of  the  loss  of  the  thyroid,  aud 
parathyroid  feeding  only  in  case  of  loss  of  the  parathy- 
roids.  In  transplantation,  both  thyroid  and  parathyroid 
preserve  their  characteristic  structure. 

The  various  investigators  are  not  yet  agreed  as  to  the 
embryology  of  these  glands,  but  it  may  be  regarded  as 
proved  that  the  parathyroid  bodies  lying  outside  of  the 
thyroid  have  an  independent  Anlage  in  the  fourth  gill 
pouch.  In  some  animals  there  occurs  constantly  an  epi- 
thelial body  included  in  thyroid  tissue,  which  probably 
arises  from  the  third  gill  pouch.  This  internal  epithelial 
body  occurs  so  rarely  in  man  that  its  presence  may  be 
regarded  as  a probable  anomaly  of  development..  Fur- 
ther, the  parathyroids  arise  from  single  symmetrical  An- 
lagen,  and  their  occasional  multiplicity  is  to  be  ascribed 
to  a secondary  snaring  off. 

The  parathyroids  occur  usually  in  pairs;  sometimes 
one  on  each  side,  or  two  on  one  side  and  one  on  the  other. 
The  writer  has  also  found  three  upon  one  side.  The  to- 
tal number  observed  has  never  been  greater  than  four. 

In  size  they  vary  greatly,  but  they  are  usually  very 
small;  the  average,  as  found  by  the  writer,  being  about  7 
mm.  long,  2-3  mm.  broad,  and  1.5  mm.  thick.  The  aver- 
age weight  is  about  0.2-0. 3 gm.  They  are  often  almond- 
shaped,  having  one  end  recurved ; but  the  shape  not  infre- 
quently suggests  the  spleen.  At  other  times  they  may 
be  flat,  cylindrical,  or  round.  Their  color  is  usually  pale 
brown,  but  may  be  brownisli-red  or  bluish,  so  that  they 
are  easily  mistaken  for  lnemolymph  glands.  They  usu- 
ally lie  behind  the  lower  poles  of  the  lateral  lobes  of  the 
thyroid,  separated  from  the  thyroid  tissue  by  connective 
tissue,  their  convex  surfaces  lying  in  slight  depressions 
on  the  under  surface  of  the  lobes.  Not  infrequently  they 
are  found  below  the  thyroid,  even  as  low  as  the  level  of 
the  clavicle.  It  is  often  very  difficult  to  recognize  the 
parathyroids  at  the  autopsy;  therefore  all  of  the  glandu- 
lar structures  in  this  region  should  be  removed  for  mi- 
croscopical examination.  It  is  of  advantage,  in  case  the 
organs  are  not  easily  found,  to  take  out  the  neck  organs 
in  toto  and  fix  them  in  formalin.  After  fixation  the  dis- 
section of  the  region  behind  and  below  the  thyroids  usu- 
ally results  in  the  determination  of  the  exact  location  and 
relations  of  the  parathyroids,  their  brown  color  becoming 
more  prominent  in  contrast  to  the  white  adipose  tissue 
about  them.  By  following  up  the  branches  given  off  from 
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Petrus  Servius  reported  the  first  case  as  occurring  at 
Rome. 

Kuchenmeister,  up  to  the  year  1888,  collected  149  cases. 
The  majority  of  these  were  discovered  in  the  anatomical 


Fig.  4770.— Photograph  of  Schiippel’s  Case  of  Transposition  of  the 
Viscera.  The  X below  right  nipple  indicates  the  position  of  the  apex 
beat.  The  curved  line  above  shows  the  absolute  heart  duiness. 
The  straight  line  below  the  left  nipple  indicates  the  upper  border  of 
the  liver  duiness.  The  X below  this  line  indicates  the  lower  border 
of  the  liver  duiness.  The  curved  line  above  the  navel  indicates  the 
greater  curvature  of  the  stomach.  The  curved  line  low  down  on 
the  right  side  indicates  the  splenic  duiness. 

laboratory  and  on  the  post-mortem  table.  Pic  in  1895 
increased  the  number  of  reported  cases  to  190.  Lochte 
up  to  the  year  1894  collected  13  cases  of  partial  trans- 
position of  the  viscera.  In  more  than  half  of  these  very 
poor  descriptions  were  given. 

An  attempt  to  collect  all  the  cases  of  situs  viscerum 
inversus  is  extremely  difficult  and  unsatisfactory,  because 
they  are  reported  in  the  literature  under  numerous  head- 
ings. Perhaps  something  like  300  of  these  cases  have 
been  reported. 

Until  recent  years  cases  of  transposition  of  the  viscera 
have  been  discovered,  studied,  and  reported  chiefly  by 
anatomists  and  pathologists.  Judging  from  my  own 
personal  experience  with  these  cases,  and  from  that  of  a 
large  number  of  prominent  clinicians  and  anatomists  to 
whom  I addressed  letters  of  inquiry  regarding  their  ex- 
perience with  transposition  of  the  viscera,  it  would  seem 
that  the  pendulum  has  swung  about  of  late  years,  and 
that  now  a much  larger  percentage  of  cases  of  transposi- 
tion is  discovered  by  the  clinician.  This  fact  is  a natural 
result  of  the  much  more  frequent  and  careful  physical 
examinations  that  are  now  being  made.  However,  even 
with  this  improvement,  all  physicians  know  that  a very 
small  percentage  of  even  sick  people  submit  to  careful 
physical  examination,  and  that  the  percentage  of  the  1 
entire  population  who  are  thus  examined  is  extremely 
small. 

Since  the  spring  of  1897  I have  seen  in  hospital  and 
private  practice  six  cases  of  transposition  of  the  viscera.  1 
It  is  rather  a remarkable  fact  that  three  of  these  cases 
were  seen  within  the  short  period  of  six  months.  1 am 


also  personally  familiar  with  three  other  cases  of  situs 
inversus,  discovered  in  the  living  subject  by  members  of 
the  internal  medical  stall'  of  the  University  of  Michigan, 
two  by  Dr.  Warthin,  and  one  by  Dr.  Cowie. 

These  cases  have  been  reported  in  detail  in  the  Ameri- 
can Journal  of  the  Medical  Science*.  November,  1902,  and 
in  the  Vaughan  Festschrift,  1903. 

In  reply  to  my  letters  the  following  facts  were  gleaned  : 
Five  well-known  internists  and  four  professors  of  anat- 
omy had  never  seen  acase  of  transposition  of  the  viscera. 
In  the  remaining  letters  37  cases  were  reported.  All  save 
6 of  these  were  discovered  during  life.  I11  this  coun- 
try, at  least,  cases  of  transposition  are  nowadays  much 
more  frequently  discovered  during  life  than  after  death. 
Note  the  contrast  between  Gruber’s  report  and  my  own. 
Of  his  79  cases  only  5 or  6 were  discovered  during  life. 
In  my  collection,  which  simply  covers  the  cases  reported 
in  the  letters  referred  to,  together  with  those  with  which 
I am  personally  familiar,  are  46  cases,  of  which  40  were 
discovered  during  life. 

Method  of  Examination.  — Careful  inspection,  palpation, 
percussion,  and  auscultation  of  the  chest  are  of  course 
prime  essentials.  The  failure  to  find  the  heart  apex  and 
heart’ duiness  on  the  left  side  most  often  puts  one  on  the 
right  track.  A careful  examination  of  the  right  chest 
may  then  reveal  a dextrocardia.  This  is  at  once  a key  to 
the  physical  condition.  An  absence  of  liver  duiness  is 
then  detected  in  the  right  hypochondriuin.  It  is  sought 
for  and  discovered  in  the  left  hypochondriuin;  the 
splenic  duiness  will  then  be  found  in  the  right  midaxil- 
lary  line. 

The  position  and  outline  of  the  stomach  maybe  demon- 
strated by  inflation  or  by  the  use  of  the  gastrodiaphane; 
the  same  is  true  of  the  sigmoid.  a;-Ray  examination  of 
the  heart  with  the  fluoroscope  easily  demonstrates  the 
right-sided  position  of  this  organ.  (See  Fig.  4771.) 

Theories  Explaining  the  Development  of  Transposition. 
— These  are  chiefly  of  interest  to  the  embryologist  and 
anatomist,  and  will  hardly  be  understood  except  by  those 
who  have  devoted  special  study  to  embryology.  The 
following  are  some  of  them. 

Yon  Baer  explains  transposition  by  the  turning  of  the 
embryo  in  the  opposite  direction ; that  is,  the  embryo 
normally  lies  on  the  left  side  of  the  umbilical  vesicle ; but 
if  it  lies  on  the  right  side,  then  we  have  transposition. 
According  to  him  this  occurs  at  the  beginning  of  the 
developmental  period. 

Forster  considers  situs  inversus  a malformation  in 
which  the  transposition  of  the  anlagon  takes  place  in  the 


Fig.  4771.— Radiograph  showing  Transposition  of  tin  Heart  to  the 
Right  Side.  (Schiippel’s  case.) 


first  embryonal  formation.  In  the  double  monster  the 
foetus  of  the  right  side  shows  a complete  transposition, 
while  the  foetus  on  the  left  side  shows  a normal  situs 
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Rindfleisch  believes  that,  a spiral  turning  of  the  blood 
column  is  responsible  for  the  displacement  of  the  heart. 
Normally  it  flows  from  left  to  right,  but  in  situs  inversus 
an  opposite  direction  must  obtain.  The  asymmetry  of 
the  heart  is  made  responsible  for  all  asymmetry  in  the 
animal  body. 

Virchow  emphasizes  the  influence  of  the  umbilical 
cord.  In  situs  inversus  it  is  wound  spirally  to  the  right ; 
in  situs  solitus  to  the  left. 

Kuclienmeister  thinks  that  the  location  of  the  fertilized 
germinal  disc  at  the  surface  of  the  egg  is  the  essential 
thing.  The  normal  situs  in  single  birth  probably  de- 
pends upon  growth  of  the  germ  from  below  upward,  in- 
stead of  from  above  downward.  He  says  that  from  this 
it  must  be  self-evident  that  the  turning  of  the  embryo 
has  been  inverted.  This  must  also  affect  the  later  spleen 
side  and  the  side  of  the  arterial  heart.  Concerning  the 
congenital  partial  situs  viscerum,  solito  inversus,  which 
shows  itself  either  in  the  chest  or  in  the  belly,  but  not  in 
both  places  at  the  same  time,  he  believes  that  the  growth 
on  the  whole  follows  the  type  for  the  situs  inversus.  The 
rarer  partial  situs  is  an  inhibition  formation  which  grows 
according  to  the  type  of  the  normally  projected  embryo. 

Martinotti  in  the  situs  transversus  of  the  single  born 
emphasizes  the  condition  of  the  vena  omplialo-mesen- 
terica,  first  mentioned  by  Dareste.  The  direction  which 
the  heart  loop  takes  depends  upon  the  dissimilar  growth 
of  the  two  halves  of  the  vascular  area.  Under  normal 
conditions  a dissimilar  formation  of  the  two  halves  exists. 
The  left  omphalo-mesenterie  vein  is  more  developed  than 
the  right;  the  right  gradually  disappears.  The  heart 
reacts  in  a very  sensitive  way  toward  the  cause  of  situs 
transversus. 

Marchand  says  that  the  loop  formation  of  the  vena 
omphalo-mesenterica  about  the  intestines  under  normal 
conditions  prevents  the  intestines  from  slipping  toward 
the  right.  So  a right  turning  takes  place  if  the  loop  for- 
mation is  absent.  He  considers  a left-sided  persistent 
vena  omphalo-mesenterica  the  cause  of  the  right  position 
of  the  stomach.  In  a more  recent  monograph  Marchand 
states  it  as  his  belief  that  the  development  of  the  vena 
omphalo-mesenterica  can  have  no  influence  upon  the 
rotation  of  the  stomach. 

Loclite advances  the  view  that  the  growth  of  the  organ 
considered  in  the  sense  of  situs  solitus  is  associated  with 
a persistence  of  left-sided  omphalo-mesenterica  and  um- 
bilical veins,  while  those  of  situs  transversus  totalis,  on 
the  other  hand,  are  associated  with  corresponding  right- 
sided veins. 

To  the  clinician  transposition  of  the  viscera  presents 
many  interesting  problems  in  differential  diagnosis.  The 
displacement  of  the  heart  to  the  right  makes  it  necessary 
to  examine  the  lungs  and  pleura  carefully,  in  order  to 
exclude  acquired  displacement.  The  discovery  of  an 
enlarged  area  of  dulness  in  the  left  hypocliondrium 
suggests  a number  of  possibilities.  It  is  most  likely  an 
enlarged  spleen — either  of  leukaemia,  malaria,  spleno- 
megaly, or  some  other  disease.  This  point  is  illustrated 
by  actual  cases  in  practice.  In  Munson’s  case  the  diag- 
nosis of  an  enormously  enlarged  spleen  had  been  made; 
and  the  displacement  of  the  heart  was  thought  to  be  due 
to  dilatation. 

In  the  normal  patient  it  is  a very  common  experience 
to  find  an  entire  absence  of  liver  dulness  in  the  right 
hypocliondrium.  It  is  also  common  to  find  that  the  apex- 
beat  is  neither  seen  nor  felt  on  the  left  side,  especially  if 
the  patient  is  quiet  and  in  the  horizontal  position.  Heart 
dulness  is  also  frequently  absent.  So  it  is  easy  to  under- 
stand how  these  cases  of  transposition  often  are  over- 
looked. 

It  is  possible  to  mistake  an  aneurism  of  the  arch  for  a 
dislocated  heart.  This  fact  was  recently  brought  to  my 
attention. 

Gruber  refers  to  the  following  errors  in  diagnosis.  In 
one  case  of  transposition  a pain  in  the  right  liypoclion- 
drium  led  to  the  diagnosis  of  a chronic  inflammation  of 
the  liver.  In  another  case  a soldier  was  wounded  in  a 
duel,  in  the  right  hypocliondrium ; from  the  position  of 


the  wound  and  the  vomiting  of  green  fluid  it  was 
thought  that  the  liver  had  been  penetrated  In  a third 
case,  in  the  Wurzburg  clinic,  the  transposed  liver  was 
diagnosed  as  a spleen  tumor.  In  a fourth  case,  one  of 
cancer  of  the  pylorus,  in  a transposed  stomach,  the  hard 
tumor  felt  deep  in  the  left  hypocliondrium  was  thought 
to  belong  to  the  left  part  of  the  stomach  or  the  pancreas. 

In  appendicitis  developing  in  a patient  with  transpo- 
sition-of  the  viscera  the  signs  and  symptoms  would  of 
course  be  located  on  the  left  side  instead  of  on  the  right 
side.  The  surgeon  would  choose  Monroe’s  point  instead 
of  McBurney’s  point  for  the  site  of  his  incision. 

Gruber  arrived  at  a number  of  interesting  conclusions 
from  a study  of  79  cases.  “ Concerning  the  sex  there 
were  49  men,  19  women,  and  11  in  which  sex  was  not 
mentioned.  These  individuals  lived  as  long  as  those  with 
normally  placed  organs.  Five  of  the  19  women  lived  to 
an  age  between  seventy  and  eighty-four. 

The  women  were  normally  fruitful.  One  gave  birth 
to  twelve  children.  Among  the  79,  4 died  an  unnatural 
death,  and  only  4 were  extremely  malformed.  There 
was  transposition  of  both,  chest  and  abdominal  organs  in 
71 ; of  tlie  abdominal  organs  alone  in  8.  In  the  first  kind 
the  transposition  was  complete,  in  the  latter  incomplete. 

The  lungs  were  transposed  in  35  of  71  cases;  the  right 
had  two  lobes,  and  the  left  three.  In  2 cases  they  were 
not  transposed ; in  2 both  lungs  had  two  lobes;  in  one  the 
right  had  one  lobe,  and  the  left  two  lobes. 

Curvature  of  the  dorsal  portion  of  the  spine  is  men- 
tioned in  onl}-  11  cases.  In  7 of  these  it  was  to  the  left, 
in  4 to  the  right  as  normally. 

We  cannot  draw  the  conclusion  that  persons  with 
transposition  are  more  likely  to  be  left-handed  than  those 
with  normally  located  viscera. 

The  position  of  the  testicle  was  mentioned  onl}-  7 times. 
In  4 the  right  was  lower,  in  1 the  left.  In  1 the  left  had 
not  descended. 

The  lower  position  of  the  right  testicle  is  unimportant 
as  a sign  of  situs  inversus. 

In  only  9 cases  were  there  notes  on  the  position  of  the 
kidneys.  In  7 the  left  was  lower,  in  2 the  right. 

In  32  cases  in  which  the  vessels  arising  from  the  arch 
of  the  aorta  are  mentioned,  these  were  transposed  29  to 
30  times. 

H.  Steinhauser  mentions  the  fact  that  in  the  operation 
of  oesopliagotomy,  it  is  well  to  know  that  the  oesophagus 
lies  over  the  right  trachea  in  persons  with  transposition. 

In  situs  partialis  the  transposition  of  the  abdominal 
organs  may  be  very  irregular.  In  one  case  the  stomach 
and  duodenum  were  normally  located,  while  the  other 
organs  were  transposed.  In  another  case  the  liver  alone 
was  transposed. 

In  1888  a case  of  pure  dextrocardia  with  congenital 
pulmonary  stenosis,  without  malposition  of  the  viscera 
in  general,  was  shown  to  the  Vienna  Medical  Society  by 
Dr.  Grass.  In  discussing  the  case,  von  Bamberger  con- 
curred in  the  diagnosis,  and  remarked  that  Professor 
Schrotter  had  lately  stated  that  no  single  case  of  pure 
dextrocardia  had  ever  been  proved,  whereas  all  anato- 
mists of  experience,  for  example  Rokitansky,  Friedberg. 
Forster,  et  nl.,  had  mentioned  such  cases,  and  he  himself 
had  seen  two. 

The  above  quotation  emphasizes  the  fact  that  partial 
situs  is  a much  rarer  condition  than  complete.  If  the 
transposition  is  located  in  the  abdominal  cavity,  it  will 
most  likely  be  overlooked  in  the  physical  examination. 

James  Rae  Arneill. 

TRAUMATOL — iodocresol.  ortliocresol  iodide,  CV.IL.- 
CH3.OI — -is  a reddish,  odorless,  insoluble  powder  which 
is  used  as  an  antiseptic  substitute  for  iodoform  in 
wounds  and  ulcers.  It  is  an  efficient  drying  powder  and 
deodorizer.  II’.  A.  Eastedo. 

TREM  ATODA.x — The  class  Trematoda.  or  Flukes, 
constitutes  one  of  the  prominent  subdivisions  of  the 


* A general  discussion  of  parasitism  and  its  effects  is  to  be  found 
under  the  heading  Paraxitcs. 
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branch  or  phylum  Platlielminthes,  the  characteristics  of 
which  were  outlined  under  the  Cestoda.  The  group  was 
recognized  as  distinct  in  1800  by  J.  G.  H.  Zedcr,  a prac- 
tising physician  in  Germany,  who  with  great  clearness  of 
vision  separated  the  then  ac- 
cepted class  of  Helmintlies 
or  intestinal  worms  into  five 
groups  of  closely  related 
forms.  These  groups  re- 
ceived in  lb09  at  the  hands 
of  Iv.  A.  Rudolphi,  the  cel- 
ebrated Berlin  helmintholo- 
gist, the  scientific  names  of 
Nematoda,  Acanthocephala, 
Trematoda,  Cestoda,  and 
Cystica.  The  latter  have 
since  been  shown  to  be  im- 
mature stages  of  the  Ces- 
toda, and  0.  Vogt  in  1851 
demonstrated  the  unnatural 
character  of  the  association 
Helmintlies,  making  as  a nat- 
ural group  the  liatworms  in 
which  are  now  included  the 
flukes,  the  tapeworms,  and 
the  free  living  flatworms,  as 
three  great  classes  of  the 
phylum  designated  Plathel- 
mintlies. 

In  certain  features,  such 
as  the  simple  body,  the  pres- 
ence of  an  alimentary  canal, 
and  in  some  cases  even  of  spe- 
cial sense  organs,  the  Trema- 
toda stand  much  nearer  the 
free  living  forms  than  do  the 
Cestoda,  although  all  of  the 
species  included  in  both 
classes  are  parasitic.  The 
consistent  parasitic  habit,  in 
which  the  flukes  resemble 
the  tapeworms,  is  varied  by 
a modification  in  degree 
among  the  flukes  which 
serves  to  show  their  relation 
also  to  free  living  species 
and  contrasts  strongly  with 
the  intensive  endoparasitism 
of  the  Cestoda.  Thus  among 
the  flukes  there  are  not  only 
the  endoparasitic  species, 
but  also  such  as  are  ectopara- 
sitic  and  preserve  in  some  de- 
gree those  features  of  free 
living  forms  that  are  lost  with 


Fig.  4772.— Opts  t li  o r c h i s 
pseudaf  elineus  Ward.  From 
Iivpr  of  cat.  Ex,  F.xcretory 
bladder;  I,  intestinal  crura; 
0,  oral  sucker;  T\T",  testes ; 
Ut,  uterus ; V,  ventral  sucker; 
Vt,  vitellaria;  Ve,  vas  effe- 
rens;  Vs,  vesictila  seminalis. 
X 7.  (Original.) 


the  assumption  of  endoparasitic  existence.  Withal  the 
group  is  a well-defined  one,  and  manifests  greater  uni- 
formity in  structure  than  the  Cestoda,  while  it  also  em- 
braces both  fewer  species  and  fewer  human  parasites 
than  the  latter  class. 

In  form  the  Trematoda  are  generally  flattened  and 
elongate,  more  rarely  cylindrical,  conical  or  irregular, 
with  plane  ventral  surface  on  which  are  located  the. sex- 
ual pores  and  arched  dorsum.  The  mouth  is  at  or  near 
the  anterior  tip  of  the  body  and  the  excretory  pore  is 
similarly  related  to  the  posterior  end.  The  mouth  is 
nearly  always  surrounded  by  an  oral  sucker,  and  other 
suckers  may  occur  on  the  ventral  surface,  at  the  poste- 
rior end,  or  more  rarely  on  the  margin  or  dorsal  surface. 
In  connection  with  the  suckers  chitinous  hooks  or  anchors 
are  found  as  additional  organs  of  attachment,  and  the  ex- 
terior of  the  body  is  often  covered  more  or  less  completely 
by  scalesor  spines  of  varying  form  and  size.  Most  flukes 
are  comparatively  insignificant,  in  size,  measuring  only  a 
few  (1  to  15)  millimetres  in  length,  though  rare  species 
largely  exceed  both  limits. 

A cross  section  shows  that  a body  cavity  is  wanting. 
The  trematodes  belong  to  the  group  of  forms  in  which 


the  space  between  all  organs  is  filled  up  by  parenchy- 
matous tissue,  giving  a firm  consistence  to  the  mass. 
The  exterior  is  bounded  by  a homogeneous  membrane  of 
varying  thickness  known  as  the  cuticula,  which  actually 
is  formed  by  the  fused  bases  of  cells  lying  deeper  in  the 
tissue,  but  which  presents  the  appearance  of  a basement 
membrane.  It  was  formerly  construed  as  such,  and  the 
trematodes  were  believed  to  be  without  an  epithelial 
covering  in  the  adult  condition.  As  a matter  of  fact  the 
pyriform  epithelial  cells  lie  in  bunches  between  or  within 
the  diagonal  muscles,  and  are  connected  by  numerous 
fine  processes  with  the  basal  surface  of  the  so-called  cu- 
ticula. Some  of  these  cells  are  especially  developed  as 
unicellular  glands. 

The  dermomuscular  sac  lies  just  within  the  cuticula 
and  consists  of  layers  of  circular,  longitudinal,  and 
diagonal  fibres  which  surround  the  body,  though  of 
varying  thickness  in  different  regions.  Running  ob- 
liquely from  one  surface  to  the  other  occur  also  dorso 
ventral  or  parenchymatous  muscles  which  are  inserted 
on  the  cuticula.  Especial  development  of  the  muscular 
layers  is  found  in  the  suckers,  which  consist  of  muscle 
fibres  extending  in  three  directions  and  designated  as 
equatorial,  meridional,  and  radial;  these  correspond  to 
the  circular,  longitudinal,  and  dorsoventral  muscles  re- 
spectively. In  addition  one  finds  a special  set  of  mus- 
cles radiating  from  the  sucker  through  the  tissue.  In 
certain  cases  at  least  special  muscles  are  developed  in 
connection  with  the  reproductive  organs,  with  the  hooks, 
and  even  with  the  surface  spines,  as  in  the  common  liver 
fluke.  The  high  development  of  the  muscular  system, 
associated  with  the  absence  of  special  skeletal  structures, 
combine  to  make  the  form  of  the  flukes  ex tremely  mobile 
and  variable.  Locomotion  is  achieved  by  means  of  the 
body  musculature  and  the  suckers,  aided  in  rare  cases  by 
the  cuticular  spines  already  mentioned. 

An  alimentary  canal  is  always  present  and  forms  the 
ultimate  distinctive  feature  between  Trematoda  and  Ces- 
toda. In  all  cases  it  has  but  a single  opening,  the  mouth, 
which  lies  at  the  anterior  tip  of  the  body,  or  more  rarely 
on  the  ventral  surface  and  in  all  higher  forms  is  sur- 
rounded by  the  oral  sucker  (0,  Fig.  4772).  In  lower 
members  of  the  group,  two  or  more  suckers  may  lie  near 
the  oral  opening  or  the  latter  may  be  entirely  unarmed. 
In  form  the  alimentary  canal  may  be  rliabdoccel,  though 
much  more  frequently  it  is  of  the  triclad  type.  In  the 
latter  case  one  can  distinguish  an  initial  unpaired  region 
variable  in  length,  which  extends  posteriad  from  the 
oral  opening  and  is  called  the  oesophagus.  It  is  thin- 
walled  and  not  digestive  in  function,  though  frequently 
numbers  of  unicellular  salivary  glands  are  connected 
with  it.  Near  its  oral  end  a prominent  sphincter  muscle 
forms  a bulbous  mass  known  as  the  pharynx.  By  its  ac- 
tion the  oral  sucker  is  closed  posteriorly  to  act  as  a simple 
organ  of  prehension,  or  stands  in  open  communication 
with  the  canal,  for  which  it  serves 
as  an  aid  in  the  ingestion  of  food. 

The  simple  oesophagus  divides 
into  two  intestinal  crura  (I, 

Fig.  4772),  which  form  the  diges- 
tive and  absorptive  region  of  the 
canal.  They  are  blind  sacs,  usu- 
ally symmetrically  placed  right  and 
left,  but  of  variable  length  and 
character.  In  some  genera  they 
are  so  short  as  not  to  reach  the  sides 
of  the  body;  in  other  cases  they  ex- 
tend to  the  posterior  end,  and  may 
even  be  connected  by  several  com- 
missures or  anastomoses.  Usually 
the  crura  are  of  uniform  calibre 
throughout,  and  yet  in  some  gen- 
era they  manifest  an  irregular  wavy 
outline,  or  even  possess  numerous  lateral  diverticula 
which  may  branch  again  and  give  the  system  a dendritic 
aspect.  The  endoparasitic  forms  subsist  on  the  intes- 
tinal contents  and  secretions  of  the  host,  but  also  ingest 
epithelial  cells  and  blood,  thus  giving  rise  in  some  cases 


Fig.  4773.— Fin  mo  Cell 
and  Excretory  Tubule 
of  Azmiia  tercti- 
coll  is  (li.)  X 700. 
(After  Looss.) 
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Fig.  4774. — Nervous  and  Excretory  Systems  in 
Opisthioglgpe  endoloha  (Dup).  c.g.. Cere- 
bral ganglion:  d,  dorsal,  i,  lateral,  v, 
ventral  nerve  trunks : p,  excretory  pore; 
res,  excretory  bladder.  X 30.  (After 
Looss.) 


to  severe  hepatic  or  intestinal  disturbances,  the  gravity 
of  which  is  proportionate  to  the  extent  of  the  invasion. 

The  excretory  system  agrees  in  general  with  that  of 
the  Cestoda.  One  finds  a variable  number  of  primitive 

nephridia  or 
“ fl  a m e cells” 
(Fig.  4773),  scat- 
tered throughout 
the  tissue.  These 
cells  are  stellate 
in  form,  with  a 
huge  bunch  of 
cilia  which  lie  on 
one  side  in  a nar- 
row canal.  The 
constant  motion 
of  the  group  of 
cilia  simulates  the 
flickering  of  a 
candle  flame, 
whence  the  name. 
The  tubules  from 
these  flame  cells 
unite  into  larger 
ducts,  and  ulti- 
mately combine  in 
a single  vessel, 
which  opens  at 
the  posterior  end 
of  the  body  by  a 
simple  excretory 
pore  ( p , Fig. 

4774).  The  final 
vessel  may  be 
short  and  expand- 
ed or  a longer 
median  canal.  In 
both  cases  it  ap- 
parently  func- 
tions as  an  excretory  reservoir  or  bladder  ( ves , Fig.  4774). 
The  system,  which  was  formerly  called  a water  vascular 
system,  contains  a clear  fluid,  sometimes  slightly  tinted, 
with  occasional  granules  or  concretions.  It  is  produced 
by  the  activity  probably  of  the  terminal  cells,  the  cilia 
of  which  serve  to  maintain  movement.  The  presence 
of  uric  acid  in  the  fluid  is  sufficient  evidence  of  its  ex- 
cretory nature. 

The  nervous  system  is  poorly  developed  in  accord  with 
the  parasitic  habit  of  the  group.  It  consists  of  two  small 
lateral  aggregations  of  ganglion  cells  (c.g.,  Fig.  4774) 
near  the  pharynx  which  are  joined  by  a ring  of  fibres 
that  encircles  the  oesophagus,  and  of  nerves  extending 
anteriad  and  posteriad  from  these  ganglia  The  three 
pairs  passing  anteriad  are  short  and  innervate  the  oral 
sucker  with  adjacent  dermal  areas,  muscles,  and  primi- 
tive sense  organs.  The  posterior  nerves  form  dorsal, 
(d),  lateral  (l),  and  ventral  (v)  paired  cords.  The  ventral 
nerve  cords  are  much  the  most  prominently  developed ; 
they  join  each  other  near  the  posterior  end  as  do  also  the 
dorsal  cords.  Circular  commissures  at  somewhat  regular 
intervals  unite  all  three  pairs  of  nerves,  and  ganglion 
cells  occur  most  frequently  at  the  points  of  union, 
though  also  rarely  elsewhere  in  the  course  of  the  nerves. 
A dermal  nerve  plexus  is  at  least  often  present,  and 
stands  in  immediate,  connection  with  the  main  nerve 
trunks.  Sense  organs,  of  the  most  primitive  sort,  occur 
in  the  skin,  while  in  the  free  swimming  larvae  as  well  as 
in  ecto parasitic  forms  simple  eye  spots  are  found.  Other 
sense  organs  are  not  known. 

Reproductive  System. — The  Trematoda  are  all  but  uni- 
versally hermaphroditic,  and  possess  highly  complicated 
organs  of  reproduction.  One  of  the  human  parasites  il- 
lustrates the  rare  secondary  condition  of  separate  sexes, 
and  will  be  considered  under  the  appropriate  heading; 
here  it  is  sufficient  to  outline  the  general  conditions. 

The  testes  (T , T" , Fig.  4772)  are  usually  two  in  num- 
ber, symmetrical  in  size  and  location,  although  there 
may  be  but  a single  one,  or  on  the  other  hand  a series  of 


several.  These  organs  are  commonly  round  or  oval  in 
outline,  with  frequent  variations  toward  a lobed  con- 
dition, or  even  to  a dendritic  form.  The  two  vasa  effer- 
entia  unite  sooner  or  later  into  a single  vas  deferens, 
which  may  or  may  not  possess  an  enlarged  region  used 
as  a seminal  vesicle.  The  duct  opens  on  the  surface  of 
the  body,  or  into  a genital  cloaca  at  the  common  genital 
pore,  and  the  terminal  portion  of  the  canal  may  form  by 
eversion  a protrusible  copulatory  organ.  More  frequent- 
ly this  region  possesses  a highly  developed  muscular 
organ  known  as  the  cirrus,  and  this  with  or  without  the 
seminal  vesicle  may  be  enclosed  in  a sac  denominated  the 
cirrus  pouch,  and  provided  with  unicellular  glands  (pros- 
tata). When  highly  developed  this  copulatory  appara- 
tus forms  a conspicuous  organ,  and,  as  has  recently  been 
elucidated  by  Looss,  constitutes  a valuable  taxonomic 
character. 

The  female  reproductive  organs  show  an  unusual  spe- 
cialization in  the  separation  of  the  germarium,  often  in- 
correctly denominated  the  ovarium,  from  the  vitellaria 
or  yolk  glands.  The  germarium  ( G , Fig.  4775)  is  small, 
located  ordinarily  in  front  of  the  testes,  and  usually 
round  or  oval  in  outline,  although  it  may  also  be  den- 
dritic in  form.  The  vitellaria  are  paired,  highly  lobed  or 
dendritic  in  form,  and  extended  usually  along  the  sides 
of  the  body  lateral  to  the  intestinal  crura.  Their  extent 
is  of  importance  in  specific  determinations.  The  duct 
from  each  vitelline  gland  tends  toward  the  germarium, 
and  near  this  organ  unites  with  that  from  the  opposite 
side  in  a common  yolk  or  vitelline  duct,  on  which  at  the 
junction  there  is  at  times  an  enlargement  known  as  the 
vitelline  reservoir.  The  short  germ  duct,  coming  from 
the  germarium,  and  the  common  yolk  duct,  unite  to 
form  a short,  slightly  expanded  tube  known  as  the 
ootj'pe  on  the  sides  of  which  are  found  unicellular 
glands,  often  crowded  together  into  a mass  and  collec- 
tively denominated  the  shell  gland  (Sg,  Fig.  4775).  From 
the  ootype  a short  inconspicuous  canal  rises  to  the  dorsal 
surface;  this  organ,  called  Laurer’s  canal  ( L.C. ),  is 
clearly  rudimentary,  and  its  significance  is  not  beyond 
dispute,  although  it  is  usually  liomologized  with  the 
vagina  of  ectoparasitic  forms ; and,  according  to  recent 
observations,  still  functions  as  such  in  rare  cases.  It 
may  bear  near  the  proximal  end  a bulbous  lateral  expan- 
sion, the  seminal  receptacle  (R). 

The  ootype  expands  immediately  beyond  the  shell 
gland  to  form  the  uterus  ( Ut),  which  as  a long  convo- 
luted tube  fills  the  major  portion  of  the  body  with  its 
coils  crowded  with  opaque  brown-shelled  eggs.  In  the 
portion  of  the  uterus  which  lies  near  the  ootype  there  is 
usually  a mass  of  sperm,  so  that  the  region  has  been 
called  the  uterine  seminal 
receptacle.  The  uterus 
terminates  in  short  heavy- 
walled  region  devoid  of 
eggs,  known  as  the  metra- 
term.  This  lies  alongside 
of  the  cirrus  pouch,  and 
opens  at  the  female  geni- 
tal pore  on  the  surface  of 
the  body,  or  into  the  geni- 
tal cloaca  and  serves  to 
receive  the  cirrus  in  coi- 
tion. In  these  forms  cross 
fertilization  is  the  rule, 
and  cases  have  been  ob- 
served in  which  one  indi- 
vidual only  functioned  as 
the  male  as  well  as  such 
in  which  both  were  thus 
functional.  In  a few  in- 
stances self-impregnation 
has  been  found.  The  gen- 
ital pore  lies  ordinarily  in 

the  median  line  near  the  ventral  sucker,  or  between  it 
and  the  fork  of  the  alimentary  canal ; but  a marginal 
position,  or  one  near  the  oral  sucker,  or  even  at  the  pos- 
terior end  of  the  body,  is  also  to  be  found. 


Fig.  4775. —Female  Sexual  Organs 
of  Opisthorchis  pseudofeli  ncus 
Ward.  Highly  magnified  to  show 
relation  of  ducts.  G,  Germarium; 
LC„  Laurer's  canal ; if,  seminal 
receptacle;  Sg,  shell  gland ; Ut, 
beginning  of  uterus;  Vt.d,  vitel- 
line ducts.  (Original.) 
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In  the  arrangement  of  the  reproductive  organs  one 
finds  the  double  condition  designated  sexual  amphitypy, 
in  which  one  individual  is,  as  it  were,  the  mirror  image 
of  the  other.  Usually  one  can  be  designated  as  having 
the  normal  arrangement,  but  the  relative  frequency  may 
be  such  that  neither  can  be  said  to  be  more  typical  than 
the  other.  Such  a reversed  arrangement  was  first  ob- 
served among  the  Opisthorehiinse,  where  it  seems  to  be 
very  common ; it  has  also  been  shown  to  exist  among  the 
Dicrocoeliinne,  and  the  difference  in  Paragonimus  Wester- 
manii  referred  to  later  (Figs.  4782,  4784)  may  be  explained 
in  the  same  way. 

This  description  obtains  for  the  endoparasitic  forms, 
particularly  for  the  Fasciolidse,  which  are  of  especial  im- 
portance here.  In  other  families,  especially  among  the 
ectoparasites,  somewhat  radical  differences  from  the  plan 
outlined  may  be  observed. 

The  egg  of  the  Trematoda  is  more  or  less  oval  or  ellip- 
soidal, rarely  flattened  asymmetrically.  It  is  provided 
with  a heavy  cliitinous  shell  which  is  transparent  when 
first  formed,  but  darkens 
soon  in  the  first  coils  of  the 
uterus  to  a deep  yellow- 
ish-brown, which  is  almost 
entirely  opaque.  In  ecto- 
parasitic  forms  the  egg  shell 
possesses  a polar  filament 
by  which  it  is  attached 
when  deposited ; but  this  is 
not  present  in  endoparasitic 
forms.  At  most  one  finds 
an  irregular,  insignificant 
protuberance  at  one  pole, 
such  as  is  present  in  /Schis- 
tosoma liosmatobium.  The 
shell  regularly  possesses  a 
cap  or  lid  which  is  sprung 
at  the  appropriate  time  to 
allow  of  the  escape  of  the 
enclosed  embryo.  Such 
eggs  may  be  found  in  the 
waste  of  the  body,  excreta, 
or  sputa,  or  may  occur  ad- 
ventitiously in  various  tis- 
sues. Under  such  circum- 
stances thejr  have  in  the 
past  been  diagnosed  as  coe- 
cidia. 

Development. — When  first 
formed  the  shell  contains  the 
single  fertilized  egg  cell  sur- 
rounded by  a mass  of  highly 
granular  yolk  cells.  The 
latter  may  be  distinct  or  may 
be  already  broken  down  into 
an  indistinct  granular  mass. 
This  serves  for  the  nutrition 
of  the  embryo  during  early 
development.  The  cleav- 
age of  the  fertilized  ovum  begins  at  once,  and  ordinarily 
proceeds  so  as  to  bring  the  embryo  to  development  at 
the  time  when  the  egg,  extruded  from  the  uterus  of  the 
parent  worm,  is  carried  into  the  external  world  with  the 
waste  products  of  the  host.  This  is  simple  since  the 
normal  seat  of  the  parasite  is  the  alimentary  canal,  or 
some  of  its  outgrowths,  liver,  lungs,  etc.,  and  the  eggs 
are  distributed  with  sputa,  faeces,  or  rarely  urine. 

The  modified  environment  bringsabout  the  openiug  of 
the  egg  shell  and  the  escape  of  the  embryo,  which  follow 
experimentally  when  the  ripe  eggs  are  brought  into  water 
at  suitable  temperature.  The  embryo  (Fig.  4776),  which 
is  designated  a miracidium,  is  somewhat  elongated  in 
form,  with  a conical  tip,  and  sometimes  also  a sharp 
boring  spine  at  the  anterior  end.  The  ectoderm  is  com- 
posed of  large  cells  and  is  ciliated.  One  may  distinguish 
also  a pair  of  flame  cells  (fl.c,  Fig.  4776),  or  primitive 
excretory  organs,  and  a rudimentary  X -shaped  eye  spot 
(e).  In  the  interior  the  cells  are  smaller  and  are  arranged 


Fir,.  4776.— Miracidium  of  Fasci- 
ola hepatica  (L.):  in  cross  sec- 
tion, showing  eye  spot  (e),  em- 
bryoniccell masses  (e.m.).  flame 
cells  fl.c.).  cephalic  glands  (f/t.), 
and  excretory  pore  (p).  Much 
magnified.  (After  Coe.) 


irregularly  about  a cavity  into  which  they  are  set  free 
singly  or  in  groups.  These  do  not  become  prominent 
until  the  miracidium  has  attained  its  location  in  a new 
host,  and  this,  which  it  seeks  at  once  on  emergence  from 
the  egg  shell,  is  almost  universally  a 
mollusk.  Embedded  in  the  tissue  of 
the  mollusk,  which  is  known  as  the 
secondary  or  larval  host,  the  miraci- 
dium loses  its  coating  of  cilia,  its  eye 


Fig.  4777.— Redi®  of  Fasciola  liepatica  (L.).  X 120.  A.  Young 
specimen  with  cell  masses  just  forming;  B.  older  individual  with 
young  redite  developing ; C,  form  with  developing cercaria;.  (After 
Leuckart.) 


spot  and  its  special  form  becoming  a mere  irregular  sac, 
now  designated  as  the  sporocyst,  in  which  one  finds 
cell  masses  crowding  the  cavity  and  developing  into  a 
new  generation.  In  the  ordinary  case  their  form  is  that 
known  as  the  redia,  and  when  developed  they  escape 
from  the  sporocyst  only  to  enter  upon  a similar  method 
of  reproduction,  which  gives  rise  to  another  new  genera- 
tion. In  structure  the  redia  (Fig.  4777)  is  characterized 
by  an  elongate  form,  a mouth  with  single  oral  sucker, 
a rhabdoccel  alimentary  canal,  two  short  locomotor  pro- 
tuberances, and  an  orifice  known  as  the  birth  opening 
through  which  the  new  brood  escapes. 

This  new  generation  originates  as  did 
that  in  the  sporocyst  from  cells  or  cell 
masses  set  free  from  the  wall  of  the 
cavity.  The  form  developing  there- 
from may  be  a redia  like  that  which 
produced  it;  more  often  it  is  still  an- 
other new  form,  known  as  a cercaria, 
and  in  some  cases  the  cercaria  may 
even  be  produced  directly  from  the 
first  generation,  the- miracidium  meta- 
morphosed into  a sporocyst  or  a redia. 

The  form  of  the  full-grown  cercaria 
(Fig.  4778)  is  sufficiently  characteristic 
to  allow  of  its  easy  recognition.  It  is 
somewhat  broader  than  the  redia,  pos- 
sesses a ventral  sucker  as  well  as  an 
oral,  a triclad  alimentary  canal,  and  an 
active  caudal  appendage  for  swim- 
ming, though  in  some  forms  designat  ed 
as  varieties  of  this-  stage  this  tail  may 
be  wanting  or  modified.  The  cercaria 
is  in  fact  the  young  distome,  supplied 
with  an  organ  of  locomotion  when 
some  part  of  the  life  cycle  is  to  be 
spent  in  the  open.  Now,  if  not  before, 
the  young  fluke  is  ready  for  the  change 
of  hosts  which  accompanies  its  attain- 
ment of  the  adult  condition.  The  trans- 
fer may  be  passive  or  it  may  be  associ- 
ated with  an  active  migration  from  the  secondary  host 
and  a period  of  existence  in  the  open  water  before  the 
primary  host  is  reached.  Once  that  the  latter  is  attained, 


Fig. 


4778.  - Free 
Cercaria  of  Fas- 
ciola he  pat  ica 
(L.t.  Magnified. 
(After  Leuckart.) 
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(lie  tail  of  the  cerearia  is  thrown  off  and  the  further  de- 
velopment to  the  adult  form  is  growth,  chiefly  of  the 
reproductive  organs  which  were  present  before  only  in 
rudimentary  form.  An  encysted  stage  frequently  inter- 
venes. This  the  cerearia  attains  by  burrowing  into  the 
tissue  of  some  animal,  or  by  settling  upon  the  surface 
of  some  plant  or  other  object.  In  the  latter  case  the 
cyst  is  formed  of  the  expressed  secretion  of  dermal  glands 
which  hardens  about  the  cerearia,  which  now  has  cast 
off  its  tail.  In  either  event  the  digestive  fluids  of  the 
final  host  are  the  means  of  liberating  the  worm  from  its 
cyst  to  enter  upon  the  final  stage  of  its  career. 

Great  differences  in  detail  are  found  in  different  spe- 
cies. The  following  table,  taken  from  Hertwig,  exhibits 
in  synoptic  form  the  principal  lines  of  development.  In- 
dividual features  connected  with  the  species  which  occur 
as  human  parasites  may  be  found  under  the  appropriate 
headings.  The  entire  process  was  formerly  regarded  as 
the  true  alternation  of  a sexual  generation,  the  adult 
worm,  with  one  or  more  asexual  generations,  sporocyst, 
and  redia ; but  at  present  the  reproduction  of  the  latter 
is  regarded  rather  as  premature  parthenogenesis  or  p;e do- 
genesis,  and  the  alternation  is  called  alloiogenesis.  Some 
authors  regard  it,  however,  as  merely  a complicated 
metamorphosis,  which  is  distributed  over  several  gener- 
ations. The  transportation  of  the  parasite  from  one 
host  to  another  may  be  passive,  as  when  the  encysted 
form  is  eaten  and  set  free  in  the  alimentary  canal  of  the 
new  host  by  digestion,  or  it  may  be  active  in  that  the 
free  swimming  larva  is  engulfed  with  drinking-water  by 
chance,  or  bores  its  way  into  the  body  of  the  water-in- 
habiting mollusk  which  it  seeks  out. 


secondary  host  is  somewhat  narrow,  so  that  not  only  is 
a direct  infection  from  the  adult  fluke  contrary  to  all  ex- 
perience, but  also  the  introduction  of  the  adult  and  the 
dissemination  of  the  ova  in  a new  region  can  be  followed 
by  the  permanent  establishment  of  the  parasite  only 
when  a suitable  larval  or  secondary  host  is  available. 
The  sheep  liver  fluke,  Fasciola  hepatica,  has  thus  secured 
a footing,  in  certain  regions  of  the  United  States,  and  has 
become  an  important  factor  in  the  handling  of  domestic 
animals.  It  remains  to  be  seen  whether  the  human  blood 
fluke,  Schistosoma  haematobium,  probably  introduced  from 
Africa  to  the  southeastern  States,  and  the  Asiatic  fluke, 
Opisthorchis  sinensis,  undoubtedly  brought  to  the  Pacific 
coast  from  the  East,  will  establish  themselves  similarly 
to  the  detriment  of  the  human  species. 

The  encysted  cerearia  or  immature  distome  occurs 
rarely  in  mammals,  e.g.,  the  pig,  more  frequently  in  am- 
phibians and  fishes  and  generally  among  invertebrates. 
The  mature  trematodes  are  parasitic  only  among  verte- 
brates; the  ectoparasitic  forms  inhabiting  chiefly  the 
skin  or  gills  of  aquatic  species,  and  the  endoparasitic 
forms  occurring  largely  in  the  alimentary  canal,  though 
almost  all  organs  may  harbor  them  at  times.  Next  to 
the  canal,  its  adnexa,  the  lungs  and  liver,  are  favorite 
seats  of  these  parasites,  but  the  latter  are  not  wanting  in 
the  genito-urinary  ducts,  where  for  instance  in  birds  they 
occur  so  frequently  as  to  be  occasionally  enclosed  within 
the  egg  shell  during  its  formation  and  are  subsequently 
discovered  there.  While  the  flukes  usually  move  freely 
about  in  the  cavity  of  the  affected  organ,  they  are  in 
some  cases  more  or  less  completely  encysted  in  its  sub- 
stance. Thus  the  Asiatic  lung  fluke,  Paragonimus  I Ves- 


Development  of  the  Distomes. 


Simple. 

Ordinary. 

Complicated. 

First  generation 

Host  I.  (Mollusk) . . 

Sporocystis  (possi- 
bly also  redia) . 

Host  I.  (Mollusk).. 

Host  I.  (Mollusk). 
Host  I.  (Mollusk). 

Second  generation  . 

Encysted  distome  • • 
Sexually  mature 
distome. 

Host  II 

Encysted  distome. . 
Sexually  mature 
distome. 

Host  II  . . . 

Host  III 

Encysted  distome. . 
Sexually  mature 
distome. 

Host  II. 
Host  III. 

Thus  far  only  thirteen  species  of  fluke  have  been  listed 
as  human  parasites;  they  are  as  follows: 

Family : Paramphistomidse. 

Gastrodiscus  hominis. 

Family : Fasciolidas. 

Fasciola  hepatica.— Species  recorded  in  United  States  of  America. 

Fasciola  angusta. 

Fasciolopsis  Puiski. 

Fasclolopsis  Rathouisi. 

Paragonimus  Westermanii. — Species  recorded  in  United  States  of 
America. 

Opisthorchis  felineus. 

Opisthorchis  sinensis.— Recorded  from  man  in  United  States  of 
America. 

Opisthorchis  noverca. 

Metorchis  truncatus. 

Hcterophyes  heterophyes. 

Dicrocoelium  lanceatum. — Species  recorded  in  United  States  of 
America. 

Family  : Sohistosomid®. 

Schistosoma  haematobium. — Recorded  from  man  in  United  States 
of  America. 

It  thus  appears  that  only  five  species  have  ever  been 
found  in  the  United  States,  aud  that  but  two  of  these 
have  been  recorded  from  the  human  host.  It  may  be 
further  noted  that  of  these  two,  one  ( Schistosoma  haema- 
tobium) was  certainly  acquired  in  other  lands  and  appar- 
ently has  not  gained  a footing  in  our  own,  while  the 
same  is  probably  true  of  the  other,  leaving  for  the  human 
host  not  a single  record  of  trematode  infection  originating 
within  the  limits  of  the  United  States. 

The  earlier  stages  in  the  life  history,  sporocyst  and 
redia,  occur  only  in  mollusks,  and  the  selection  of  the 


termanii,  is  found  in  pairs  in  pulmonary  cysts,  and  in 
rare  instances  such  an  association  in  pairs  is  connected 
with  the  secondarily  acquired  dioecious  condition  of  the 
individual  species. 

The  effects  of  parasitism  have  already  been  discussed 
(see  Parasites)-,  special  features  as  well  as  means  of  treat- 
ment are  treated  under  individual  forms.  The  human 
parasites  belonging  to  this  group,  as  already  recorded, 
are  too  few  in  number  of  species  to  call  for  a special  key 
as  an  aid  to  identification. 

Taxonomy. — Valuable  recent  work  by  Braun  and  Looss 
on  the  taxonomy  of  the  group  makes  it  possible  to  give  a 
reasonable  system.  Only  the  parts  dealing  with  human 
parasites  will  be  particularly  considered. 

Order  Ileterocotylea. — Ectoparasitic  forms  with  power- 
fully developed  organs  of  attachment;  excretory  organs 
open  separately  on  the  dorsum;  development  direct. 
Parasitic  on  body  and  gills  of  fishes  chiefly.  No  human 
parasites. 

Order  Aspidocotylea. — Endoparasitic  Trematoda  of  sim- 
ple organization  with  large  ventral  organ  of  attachment; 
excretory  organs  open  by  a single  posterior  pore ; de- 
velopment direct.  No  human  parasites. 

Order  Malacocotylea. — Trematoda  with  one  or  two 
suckers,  or  rarely  accessory  lateral  suckers  also,  for  at- 
tachment; no  chitinous  organs  of  attachment.  Intestine 
usually  forked  and  mouth  anterior;  mostly  hermaphro- 
ditic with  sexual  pore  ventral;  excretory  pore  posterior. 
Always  endoparasitic  in  vertebrata.  According  to  mode 
of  development  divisible  into  two  groups: 
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(a)  Metastatica.  Development  without  alternation  of 
generations,  but  with  two  larval  forms  and  change  of 
hosts.  No  human  parasites. 

(b)  Digenea.  Development  complicated  by  alternation 
of  asexual  generations  (sporocyst,  redia)  with  sexual 
generation.  One  or  more  changes  of  host.  All  human 
trematode  parasites  fall  in  a few  families  of  this  very 
large  and  varied  group,  viz. : Paramphistomidse,  Fascio- 
lidse,  Schisto  somidse. 

The  family  of  the  Paramphistomidse  is  characterized 
by  a terminal  sucker,  dorsal  to  which  the  excretory  pore 
is  located.  The  genital  pore  lies  in  the  midventral  line 
in  the  anterior  third  of  the  body ; the  pharynx  is  far  for- 
ward and  ordinarily  designated  the  oral  sucker;  the  in- 
testinal branches  are  always  simple,  hermaphroditic. 
Only  one  genus  is  of  interest  here; 

Gastrodiscus  Leuckart. — Paramphistomidse  with  slen- 
der anterior  region  and  large  discoidal  posterior  region, 
which  is  concave  ventrally.  The  small  terminal  sucker 
lies  on  the  posterior  ventral  margin  of  this  concavity. 
Pharynx  with  two  outpocketings. 

Various  species  occur  in  the  alimentary  canal  of  the 
horse  and  cattle  in  Egypt  and  India;  one  has  been  found 
parasitic  in  man. 

Gastrodiacus  hominis  (Lewis  and  McConnell  1876.) — • 
(Syn. : Ampldstornum  hominis  Lewis  and  McConnell 

1876.)  Body  5-8  mm.  long,  3-4  mm.  broad,  reddish 
when  living.  Genital  pore  at  bifurcation  of  intestinal 
crura.  Eggs  oval,  0.150  mm.  long,  0.072  mm.  broad. 

The  structure  of  this  species  is  only  imperfectly 
known.  It  has  beeu  found  twice  in  Assam  and  India  in 
the  caecum  and  colon  of  natives  who  had  died  from  chol- 
era. Although  present  in  large  numbers  in  these  cases 
Braun  regards  it  as  undoubtedly  an  occasional  parasite, 
the  normal  host  of  which  is  as  yet  unknown.  Giles, 
however,  found  it  frequently  in  Assam,  and  according  to 
Leuckart  never  more  than  twelve  individuals  in  a single 
host,  which  militates  against  the  idea  that  it  was  only  an 
occasional  parasite. 

The  family  of  the  Fasciolidse  is  characterized  by  the 
presence  of  oral  and  ventral  suckers,  by  the  genital  pore 
ventral,  rarely  lateral  or  terminal;  always  hermaphro- 
ditic, two  testes,  one  germarium.with  receptaculum  sem- 
inis  or  Laurer’s  canal,  or  both,  and  with  paired  lateral 
often  highly  branched  vitellaria. 

The  majority  of  human  trematode  parasites  fall  within 
the  limits  of  this  very  large  and  highly  differentiated 
family. 

Fasciola  Linnaeus  1758. — Large  Fasciolkhe  with  leaf- 
shaped body,  the  anterior  end  of  which  has  the  form  of 
a conical  cap  or  tip,  distinctly  set  off  from  the  posterior 
region;  acetabulum  on  the  boundary  of  the  two  regions, 
large  and  powerful.  Oesophagus  short,  with  pharynx ; 
intestinal  crura  reaching  almost  to  posterior  end  near  the 
median  line  of  the  body,  with  short  branches  on  median 
side  and  with  long,  highly  dendritic  branches  on  lateral 
side.  Excretory  system  much  branched,  reservoir  a long 
median  sac.  Genital  pore  in  midventral  line  in  front  of 
acetabulum;  germarium  in  front  of  testes  and  transverse 
yolk  duct,  highly  dendritic,  as  also  the  testes  which  are 
located  obliquely  behind  one  another  and  posterior  to 
transverse  yolk  duct;  uterus  in  form  of  a rosette  in  front 
of  germ  glands ; vitellaria  on  sides  even  to  posterior  end, 
well  developed.  Laurer’s  canal  present,  receptaculum 
seminis  wanting.  Eggs  large,  not  numerous,  developing 
after  deposition.  Parasitic  in  gall  ducts  of  herbivora, 
more  rarely  omnivora. 

Fasciola  hepatica  L.  1758. — (Syn.:  Distoma  liepaticum 
Retzius  1786 ; Fasciola  liumana  Gmelin  1790.  Distomum 
cavice  Sonsino  1890;  Cladocoelivm  liepaticum  Stossich 
1892).  Body  flattened  like  a leaf  (Fig.  4779),  reddish- 
brown  in  color,  20-30,  rarely  35-50  mm.  long,  5 or  8-13 
mm.  broad,  with  anterior  region  4-5  mm.  long,  and  dis- 
tinctly set  off  from  the  posterior;  posterior  extremity 
bluntly  pointed.  Dermal  spines  over  entire  body  except 
a small  area  near  the  posterior  end.  Oral  sucker  termi- 
nal, nearly  spherical,  about  1 mm.  in  diameter,  acetabu- 
lum at  junction  of  two  regions  about  1.6  mm.  in  diame- 
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ter,  spherical  with  triangular  aperture.  Pharyngeal 
bulb  covering  nearly  entire  oesophagus,  intestinal  crura, 
with  numerous  dendritic 
branches  directed  laterad ; 
vitellaria,  lateral,  den- 
dritic, both  dorsal  and 
ventral  of  intestine.  Ger- 
marium and  testes  both 
dendritic,  former  anterior, 
latter  posterior  to  trans- 
verse yolk  duct  and  side 
by  side.  Eggs  oval, 

0.130-0.145  mm.  long  by 
0.07-0.09  mm.  broad,  de- 
posited before  commence- 
ment of  cleavage. 

This  species  is  parasi- 
tic in  the  biliary  ducts  of 
sheep  especially,  but  it 
also  occurs  in  many  other 
ruminants,  cattle,  goat, 
horse,  ass,  deer,  antelope, 
camel,  as  well  as  in  the 
kangaroo,  squirrel,  beav- 
er, rabbit,  guinea-pig,  and 
man. 

Life  History. — The  com- 
plicated development  of 
this  form  has  been  eluci- 
dated chiefly  by  the  re- 
searches of  Leuckart  and 
Thomas.  The  eggs  must 
remain  some  weeks  in 
water  at  the  ordinary 
temperature  to  complete 
the  development  of  the 
miracidium,  which  on  be- 
ing set  free  seeks  out  a 
small  snail  (Limveea  trun- 
c.atula  Mull.  = L.  minuta 
Drap.)  that  is  commonly 
found  in  small  pools  or  on 
partially  flooded  mead- 
ows. 

The  miracidium  (Fig.  4776)  attaches  itself  to  some 
fleshy  region  of  the  snail,  throws  off  its  ciliary  coating 
and  then  penetrates  to  the  snail’s  liver,  where  it  becomes 
a mere  sac  filled  with  masses  of  developing  germ  cells. 
This  sac,  known  as  the  sporocyst,  produces  redise,  which 
remain  in  the  same  host,  and  sometimes  give  rise  to  a 
second  generation  of  redine  (Fig.  4777,  A,  B).  The  cer- 
cariae  (Fig.  4777,  C , and  Fig.  4778),  which  are  produced 
by  redise  sooner  or  later,  make  their  way  out  of  the  snail 
and  encyst  on  blades  of  grass,  with  which  they  attain 
the  final  host  in  its  food.  The  young  distome  set  free  in 
the  stomach  is  small,  transparent,  without  separate  re- 
gions of  the  body,  and  with  only  rudiments  of  the  repro- 
ductive organs.  It  makes  its  way  far  up  into  the  gall 
ducts  of  the  liver  and  there  attains  its  maximum  size. 
The  life  of  the  adult  lasts  probably  not  more  than  a year, 
but  infection  of  the  final  host  takes  place  most  commonly 
in  the  early  fall  or  late  summer.  In  the  spring  the  eggs 
are  most  abundantly  distributed  over  the  meadows,  with 
the  excrement  of  the  sheep.  Lutz  found  that  in  the  Ha- 
waiian Islands  Limncca  oahuensis  and  L.  rubella  served 
as  intermediate  hosts.  None  of  these  species  occur  in  the 
United  States,  and  the  species  which  actually  serves  as 
larval  host  is  as  yet  unknown. 

The  common  liver  fluke  is  distributed  over  nearly  the 
whole  of  Europe  ; it  also  occurs  in  North  and  South 
America  and  Australia,  where  it  has  been  introduced  in 
domestic  animals.  Records  of  its  occurrence  in  Africa 
and  Asia  are  undoubtedly  due,  in  part  at  least,  to  confu 
sion  with  closely  related  species,  and  must  be  verified 
before  they  can  be  accepted  as  final. 

Pathology. — Known  since  the  middle  of  the  sixteenth 
century,  the  common  liver  fluke  was  first  positively  iden 
titled  as  a human  parasite  by  Pallas  in  1760,  although 
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earlier  reports  of  Malphiglii  and  others  probably  concern 
this  species.  Between  twenty  and  thirty  well-established 
cases  are  on  record;  they  have  been  compiled  and  dis- 
cussed by  Leuckart,  Blanchard,  and  Moniez.  All  de- 
grees of  infection  are  represented,  from  such  as  were  so 
slight  as  to  have  been  discovered  by  accident  to  such  as 
were  the  direct  cause  of  death.  In  the  bile  ducts  the 
flukes  have  only  rarely  evoked  serious  symptoms, 
though  in  two  or  three  cases  fatal  termination  was  due 
to  obduction  of  the  ductus  liepaticus  s.  choledochus  by 
one  of  these  flukes.  In  the  majority  of  cases  the  parasite 
produced  no  noticeable  symptoms,  evidently  due  to  the 
presence  of  only  a small  number  of  individuals,  and  it  is 
possible  that  infection  is  more  general  than  heretofore 
believed.  At  any  rate  Kratter  proclaims  it  to  be  fre- 
quent in  Dalmatia,  and  Perroncito  found  distome  eggs 
frequently  in  faecal  examinations  among  laborers  at  the 
St.  Gothard  tunnel.  Even  in  severer  cases  the  symptoms 
are  general,  indicating  only  some  affection  of  the  liver. 
Thus  pain  in  that  organ,  swelling  and  icterus  have  been 
mentioned  by  different  observers.  In  the  majority  of 
cases,  also,  the  parasite  has  not  been  found  in  its  normal 
seat,  the  liver,  but  as  an  erratic  in  the  lungs,  in  blood- 
vessels, in  subcutaneous  tumors,  and  elsewhere.  This  is 
not  strange  in  the  light  of  Railliet’s  demonstration  that 
the  liver  fluke  subsists  on  blood  ; thus  young  flukes  espe- 
cially may  make  their  way  into  the  circulatory  system 
and  be  carried  by  the  blood  current  into  any  part  of  the 
body. 

Such  occurrences  of  erratic  individuals  give  some  basis 
for  the  interpretation  of  other  doubtful  organisms  as  also 
belonging  to  this  species,  and  many  authors  regard  the 
Ilexathyridivm  venarum,  reported  by  Treutler  in  1793, 
from  the  tibial  vein  of  a young  man  which  ruptured 
while  the  patient  was  bathing,  as  an  erratic  specimen  of 
Fasciola  liepatica.  Leuckart,  however,  says  (here  is 
more  reason  to  regard  it  as  a free  living  planarian,  which 
did  not  actually  come  from  the  vein,  but  was  obtained 
accidentally  from  the  water. 

These  cases  of  parasitism  of  Fasciola  liepatica  in  man 
have  been  reported  largely  in  European  countries,  the 
only  one  outside  being  from  Australia.  The  record  of 
Cliabert  in  1852,  that  this  species  occurred  in  Boston  in 
company  with  Tania,  rests  upon  an  erroneous  view  re- 
garding the  isolated  segments  of  the  tapeworm,  as  Leu- 
ckart and  Cobbold  have  clearly  shown.  Nevertheless  in 
those  parts  of  this  country  where  Fasciola  liepatica  is 
common,  cases  of  human  infection  are  likely  to  occur. 
This  takes  place  supposedly  through  the  consumption  of 
cress,  lettuce,  and  other  uncooked  plants  which  have 
been  grown  in  low,  damp  regions  where  infected  snails 
were  present,  and  where  consequently  the  liberated  cer- 
carias  had  opportunity  to  encyst  upon  the  leaves.  The 
evident  infrequency  of  such  an  occurrence  coincides  with 
the  usually  mild  infection  in  man  as  compared  with  the 
domesticated  animals. 

Associated  with  the  light  infection  and  also  with  its 
infrequency  is  the  absence  of  any  definite  symptoms  in 
the  human  host  which  denote  the  presence  of  the  para- 
site. As  already  explained,  the  infection  usually  becomes 
known  only  by  chance;  but  even  were  it  determined  by 
accidental  discovery  of  the  eggs  in  frecal  examinations, 
no  special  means  could  be  suggested  to  bring  about  the 
evacuation  of  the  parasite,  which  lies  deep  in  the  ducts 
of  the  liver,  and  is  held  against  retrograde  movements  by 
the  thick-set,  retrorse  spines  that  cover  nearly  the  entire 
body.  So  far  as  can  be  determined  the  life  of  the  adult 
lasts  not  more  than  about  a year.  Care  in  the  use  of  un- 
cooked plants  should  be  exercised  in  all  regions  where 
these  flukes  are  abundant. 

Agamodistomiim  ophthalmobium{ Diesing  1850). — (Syn.  ■ 
D.  oculi  humani  Geschiedt  1833;  [?]  Monostomum  lentis 
Geschiedt  1833;  Distomum  ophtlmhnobium  Diesing  1850.) 
Two  cases  of  some  interest  may  be  noted  here  in  which 
the  parasites  are  too  poorly  known  to  allow  of  exact 
identification.  In  one  case  four  immature  distomes  were 
removed  from  the  eye  of  a five  months’  child  with  lentic- 
ular cataract  with  partial  opacity  of  the  capsule.  The 


other  case  was  that  of  an  elderly  woman  from  whose  eye 
eight  so-called  monostomes  were  removed  from  the  lens 
substance.  The  descriptions  do  not  enable  one  to  deter- 
mine the  species  or  to  assert  the  identity  of  the  forms. 
They  were  undoubtedly  erratic  parasites,  and  it  seems 
highly  probable  that  in  the  former  case  at  least  the  para- 
site was  the  young  form  of  one  of  the  liver  flukes  of 
man.  Several  authors  regard  them  as  very  young  lancet 
flukes  (Dicrocceliiim  lanceatum)  which  had  strayed  into 
this  unusual  location.  There  is  every  ground  for  believ- 
ing them  to  be  pathogenic,  as  are  other  species  in  the 
eyes  of  other  vertebrates  (e.g. , fish),  and  a repetition  of 
the  occurrence  on  the  part  of  the  erratic  young  of  the 
same  or  other  species  may  be  confidently  predicted. 
(For  full  data  on  these  cases  compare  Stiles  1902.) 

Fasciola  angusta  (Railliet  1895). — (Syn:  F.  liepatica 
var.  angusta  Railliet  1895).  Body  flat,  "linguiform,  with 
sides  nearly  parallel  and  slenderer  than  F.  liepatica. 
Length,  26-38  mm. ; breadth,  6-8  mm.  Anterior  region 
short.  Posterior  end  broadly  rounded.  Acetabulum 
large,  prominent,  only  2 mm.  from  anterior  tip  of  body. 
Eggs  oval,  0.143  to  0.151  mm.  by  0.082  to  0.088  mm. 

Railliet  described  this  form  from  the  liver  of  cattle 
slaughtered  in  Senegal,  and  at  the  same  time  called  at- 
tention to  a case  recorded  by  Gouvea,  a physician  in  Rio 
Janeiro.  The  patient,  a French  marine  officer,  suffered 
from  fever,  cough,  and  hlood  spitting.  The  only  pul- 
monary defect  demonstrable  was  a sharply  defined  spot 
at  the  base  of  the  left  lung.  Some  twenty  days  later  he 
coughed  up  a fluke,  which  probably  belonged  to  this 
species,  and  was  acquired  during  a residence  in  Sene- 
gambia.  Blanchard  regards  it,  however,  as  F.  gigantica 
Cobb,  mentioned  below. 

The  case  demonstrates  also  the  susceptibility  of  man 
to  other  species  of  the  genus  Fasciola  as  well  as  to  that 
ordinarily  known,  and  renders  it  advisable  to  make  brief 
mention  here  of  the  other  species  of  this  genus  which  are 
likely  to  be  encountered  in  various  regions. 

Very  closely  related  to  the  last  species  are  Fasciola 
mgyptiaca  Looss,  which  occurs  in  the  domesticated  lier- 
bivora  of  Egypt,  and  F.  gigantica  Cobbold,  which  was 
originally  described  from  the  liver  of  the  giraffe,  but 
which,  according  to  Blanchard,  occurs  in  the  cattle  of 
Senegambia  and  other  regions  in  Africa.  Probably 
these  species  may  be  introduced  under  favorable  chances 
into  the  human  host  as  well  as  the  related  species  already 
described. 

More  important  for  American  physicians  is  the  allied 
native  species  which  is  so  widely  distributed  on  this 
continent.  Although  it  has  not  yet  been  reported  as 
a human  parasite,  the  probability  of  its  occurrence  as 
such  is  sufficiently  immediate  to  call  for  its  description 
here. 

Fasciola  magna  (Bassi  1875)  Stiles  1894. — (Syn. : Disto- 
mum  magnum,  Bassi  1875 ; F.  carnosa  Hassall  1891 ; F. 
americana  Hassall  1891;  I),  texanicuvi  Francis  1891;  D. 
crassum  [in  part]  Leidy  1891;  Cladocodium  giganteum  [in 
part]  Stossich  1892.)  Body  flesh-colored  when  alive, 
broad,  thick;  much  larger  and  thicker  than  F.  liepatica ; 
length,  23-100  mm. ; breadth,  11-26  mm. ; thickness,  2-4.5 
mm.  The  conical  anterior  part  is  not  distinctly  set  off 
from  the  posterior.  The  posterior  end  is  bluntly 
rounded,  and  margin  more  convex.  In  general  the 
structure  is  very  similar  to  F.  liepatica,  except  that  the 
oesophagus  is  longer,  one-and-a-half  to  three  times  as 
long  as  the  pharynx,  the  intestines  more  branched,  and 
the  yolk  glands  confined  to  the  ventral  side  of  the  intes- 
tine; eggs  oval,  0.109-0.168  mm.  long  by  0.075-0.096 
mm.  wide. 

This  fluke  is  found  in  cysts  in  the  liver  and  lungs  of 
cattle  and  of  several  species  of  deer,  and  is  very  widely 
distributed,  occurring  on  the  authority  of  various  per- 
sons in  Texas,  Arkansas,  California,  Iowa,  Illinois,  New 
York  (Adirondacks),  and  Italy.  It  is  probably  present 
in  most  parts  of  this  country.  In  importance  it  stands 
hardly  second  to  F.  liepatica,  but  ot'  its  life  history  noth 
ing  is  definitely  known.  Its  close  relationship  to  other 
species  which  have  been  reported  occasionally  from  the 
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human  host  in  Europe  indicates  that  this  species  also 
may  adopt  the  same  role  here  when  circumstances  favor. 

Fasciolopsis  Looss. — Fasciolinse  without  distinct  ante- 
rior and  posterior  regions. 


0 


Fig.  4780. — Fasciolopsis  Buski 
(Lank.).  Cs,  Cirrus  sac;  other 
abbreviations  as  before.  X 3. 
.(After  Odbner.) 


Cuticula  smooth.  Acetabu 
lum  powerfully  developed 
with  cavity  extended  pos- 
teriad  as  sacculate  invagi- 
nation and  much  larger 
than  oral  sucker.  Intesti- 
nal crura  simple,  slender, 
wavy  but  without  evagi- 
nations.  Testes  dendritic, 
with  branches  growing 
smaller  toward  distal  ends. 
Cirrus  pouch  very  long, 
cylindrical,  containing  spi- 
ral tubular  seminal  vesicle 
with  peculiar  cascal  ap- 
pendage. Cirrus  closely 
covered  with  fine  spines. 
In  alimentary  canal  of 
mammals. 

Fasciolopsis  Buski  (Lan- 
kester  1857). — (Syn. : Dis- 
tomum  Buski  Lank.  1857; 
Distoma  crassum  Busk 
1859,  nec  v.  Sieb.  1836). 
Length,  24-37  mm.,  aver- 
age about  30;  breadth,  5.5- 
12  mm.,  average,  9 mm. ; 
greatest  thickness,  1.5  mm. ; 
body  (Fig.  4780)  flattened, 
linguiform,  anterior  region 
tapering,  but  not  sharply 
marked  off  from  posterior 
body.  Anterior  sucker  0.5 
mm.  in  diameter,  acetab- 
ulum separated  by  not  more 
than  its  diameter  (1.6-2  mm.)  from  anterior  end,  with 
deep  triangular  lumen.  Pharynx  large,  powerful;  pre- 
pharynx present;  oesophagus  very  short;  intestinal  crura 
slender,  extending  to  extreme  posterior  end  in  three 
shallow  curves.  Testes  dendritic  one  behind  the  other 
in  median  field,  and  both  posterior  to  transverse  yolk 
duct;  cirrus  sac  median,  cylindrical,  much  elongated, 
enclosing  long  spiral  seminal  vesicle  with  lateral  elon- 
gate ctecal  appendage.  Germarium  small,  dendritic, 
anterior  to  testes,  and  to  transverse  yolk  duct;  Laurer’s 
canal  present,  receptaculum  seminis  wanting;  uterus 
in  scanty  irregular  open  coils,  anterior  to  ovary;  yolk 
glands  lateral  with  numerous  very  small  acini  extend 
ing  length  of  body ; genital  pore  immediately  at  anterior 
margin  of  acetabulum,  cir- 
rus covered  with  many  fine 
spines;  eggs  numerous,  0.12- 
0.126  mm.  in  length,  0.077 
mm.  in  breadth;  similar  to 
those  of  Fasciola  liepatica. 

Eight  positive  and  several 
uncertain  cases  of  the  occur- 
rence of  this  species  are  on 
record.  They  are  all  from 
southern  or  eastern  Asia  and 
all  concern  the  human  host. 

The  parasite  occurs  in  the 
duodenum  according  to  Busk, 
and  the  symptoms  of  Cob- 
bold’s  and  Olhner’s  cases 
pointed  unmistakably  to  this 
as  an  intestinal  parasite.  No 
facts  on  the  life  history  are 
recorded  as  yet.  In  1891 
Leidy  reported  as  belonging 
to  this  species  specimens  re- 
ceived from  New  York,  Ar- 
kansas, and  Texas,  where  they  were  collected  from  the 
liver  of  a doe  in  the  first  case  and  from  cattle  in  the 
other  two  instances.  The  species  he  had  under  observa- 


Fig. 4781  — Fasciolopsis  Ra- 
t h o u i s i (Poirier) . X 2. 
(From  Leu c, kart,  after 
Poirier.) 


tion,  however,  was  actually  Fasciola  magna,  and  there  is 
no  evidence  that  Fasciolopsis  Buski  has  been  found  on 
this  continent,  although  its  occasional  introduction  by 
the  Chinese  is  not  a remote  contingency  in  view  of  tin- 
known  facts  regarding  other  species  (cf.  Paragonimus 
Westermanii  and  Opisthoi’ch  is  sinensis). 

Fasciolopsis  lialhouisi (Poiiier  1887). — (Syn. : Dislomnnt 
Rathouisi  Poirier  1887.)  Length  25  mm.,  breadth  16 
mm.,  oval,  with  indistinctly  marked  anterior  region  (Fig. 
7481).  Cuticula  smooth.  Oral  sucker  1.5  mm.,  ventral 
2 mm.  in  diameter.  Intestinal  crura  unbranched ; germ 
gland  dendritic,  posterior  to  transverse  yolk  duct  : vitel- 


Fig.  4782. — Paragoni.il) as  Westermanii  (Kerb.)  in  Ventral  Aspect. 

American  specimen  from  dog.  Note  reverse  position  of  reproduc- 
tive organs  as  compared  with  Fig.  4784.  X 5.  (Original.) 

laria  lateral,  Dot  joined  posteriad;  uterus  in  centre  of 
anterior  half  of  hotly ; genital  pore  just  in  front  of  acetab- 
ulum. Eggs  0. 150  by  0.08  mm. 

Nothing  is  known  of  the  development  of  this  species. 
It  has  been  observed  only  once  in  a Chinese  woman,  who 
vomited  the  specimens  after  violent  pain  in  the  region  of 
the  liver.  Possibly  the  cases  reported  by  Blanchard  from 
correspondence  with  P.  Manson  belong  to  this  species. 

Paragonimus  Braun  1899. — Body  thick,  oval,  or  spin- 
dle-shaped, and  nearly  circular  in  transsection.  Cuticula 
spinous.  Acetabulum  near  centre  of  body.  Alimentary 
canal  with  prominent  pharynx,  very  short  oesophagus, 
and  intestinal  crura  extending  in  irregular  zi/gag  to  pos- 
terior end.  Excretory  bladder  large,  extending  nearly  to 
pharynx.  Genital  pore  lateral  near  acetabulum.  Spe- 
cial oopulatory  organs  wanting.  Testes  dendritic,  right, 
and  left  in  posterior  region.  Germarium  also  dendritic, 
anterior  to  left  testis.  Receptaculum  seminis  lacking. 
Laurer’s  canal  present.  Vitellaria  extensive,  on  side  of 
body  almost  the  entire  length  and  dorsal  also  almost  to 
median  line.  Uterus  scantily  developed  as  coil  lateral 
to  and  near  acetabulum.  Eggs  large.  Usually  by  pairs 
in  cysts  in  lungs  of  mammals. 

Paragonimus  Westermanii (Kerbert  1878). — (Syn. : Dis- 
toma Westermanii  Kerbert  1878:  D.  Ringeri  Cobbold 
1880;  D.  pulmonale  Baelz  1883;  D.  pulmonis  K.  S.  and 
Y.  1881;  Mesogonimus  Westermanni  Railliet  1890.) 
Length  8-16  or  even  20  mm.,  breadth  4-8  mm.,  body 
thick  and  plump,  posterior  end  more  pointed,  ventral 
surface  more  flattened  (Fig.  7482);  color,  deep  red  or 
reddish-brown  when  alive,  or  dark  gray  in  alcoholic 
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Fig.  4783.— Egg  of  Parcr- 
gnnitmis  Westermanii 
(Kerb.).  Magnified  500. 
(After  Katsurada.) 


material,  with  conspicuous  black  dendritic  acini  of  the 
yolk  gland  along  the  side.  Cuticula  spinous;  oral 
sucker  0.53-0.75  mm.  (Leuckart),  or  0.86-1.2,  or  even  1.4 
mm.  (Ward).  Acetabulum  0.0-0.75  mm.  (Leuckart), 
0.75-1.02  mm.  (Ward);  slightly  larger  than  oral  sucker, 
situated  anterior  to  middle  of 
body ; oesophagus  short,  intesti- 
nal caeca  wavy,  with  irregular 
outline,  extending  to  posterior 
end  of  body.  Germarium 
branched,  posterior  to  acetabu- 
lum, lateral,  opposite  the  lo- 
bate  shell  gland,  which  lies 
directly  in  front  of  the  con- 
densed uterus.  Yolk  glands 
highly  developed,  extending 
from  anterior  to  posterior  end, 
absent  only  over  narrow  median 
field.  Testes  branched,  lateral, 
in  posterior  portion  of  body ; 
cirrus  and  cirrus  pouch  wanting 
genital  pore,  near  posterior  mar- 
gin of  acetabulum,  either  me- 
dian, right,  or  left;  eggs  oval, 
0.08-0.1  by  0.05  mm.  (Leuck- 
art) or  0.096-0.118  by  0.048- 
0.055  mm.  (Ward)  (Fig.  4783). 

The  oval  ciliated  embryo  de- 
velops within  the  egg  some  time  after  the  latter  lias  been 
discharged  with  sputum  from  the  host.  Further  life 
history  unknown. 

This  parasite  has  been  found  in  the  tiger,  cat,  dog,  and 
hog  as  well  as  in  man.  It  appears  from  the  studies  of 
Ward  and  Stiles  that  differences  in  size  are  noticeable 
between  the  Asiatic  (Fig.  4784)  and  American  (Fig.  4782) 
forms.  These  differences  are  noted  in  the  specific  de- 
scription given  above.  Further  study  may  show  them 
to  be  distinct  species.  The  different  arrangement  of  the 
sexual  organs  may  represent  the  condition  of  sexual  am- 
phitypjr  noted  above. 

Distribution. — The  parasite  is  known  from  Japan, 
China,  Corea,  and  Formosa,  where  according  to  good 
authorities  fifteen  per  cent,  of  the  entire  population  is 
infected.  In  this  country  it  has  been  reported  from 
Michigan  and  Ohio  by  Ward,  and  from  Kentucky  and 
West  Virginia  by  Stiles,  according  to  whose  accounts  it 
seems  to  be  common  in  hogs  of  the  infested  district. 
Thus  far  it  has  not  been  reported  from  a human  host  in 
the  United  States.  Stiles  has  made  an  exhaustive  study 
of  the  species,  but  is  unable  in  spite  of  the  recorded 
differences  in  size  to  differentiate  specifically  the  Ameri- 
can and  Asiatic  forms.  Even  should  they  prove  to  be 
distinct,  however,  possible  danger  to  man  would  not  be 
eliminated  since  the  Asiatic  form  has  been  found  in  cat, 
dog,  and  hog  as  well  as  man,  and  the  American  form, 
which  has  thus  far  been  reported  only  from  the  cat,  dog, 
and  hog,  may  confidently  be  expected  to  recur  in  man  in 
the  infected  district.  Until  the  announcement  by  Stiles 
of  the  existence  of  an  extensive  infection  among  hogs,  it 
was  not  clear  that  the  species  had  actually  established 
itself  in  the  United  States,  as  the  two  cases  in  cat  and 


dog  which  Ward  reported  might  have  been  introduced 
from  Asia  after  infection.  Now  that  a large  number  of 
cases  is  known  from  this  country,  the  endemic  character 
of  the  species  cannot  be  doubted.  It  is  of  the  greatest 
importance  that  the  distribution  be  more  precisely  estab- 
lished, and  the  life  history  worked  out  to  show  the  points 
of  danger  for  the  infection  of  man  and  the  precautions 
which  must  be  taken  to  guard  against  it,. 

Pathology. — The  disease  was  first  reported  from  man  in 
1880  by  Manson,  who  called  it  parasitical  haemoptysis 
and  later  endemic  haemoptysis.  The  term  pulmonary 
distomatosis  has  also  been  used.  From  the  cases  thus  far 
on  record  in  detail,  it  is  apparently  much  more  prevalent 
in  males  than  in  females,  and  seventy-five  per  cent,,  of 
these  cases  occurred  among  farmers.  Both  of  these  facts 
undoubtedly  point  to  factors  in  the  life  history  which 
make  infection  of  such  persons  easier  rather  than  to  any 


inherent  suscepibility ; in  fact  Yamagiwa  states  that 
strong  persons  are  more  susceptible  than  weak,  but  this 
is  evident  ly  because  they  are  more  given  to  outdoor  occu- 
pations, and  hence  more  open  to  infection. 

Ordinarily  the  worms  are  found  in  the  lungs,  where 
they  lie  in  tumors  about  the  roots  and  along  the  dorsal 
border  directly  under  the  pleura,  sometimes  surrouuded 
by  a capsule  or  again  burrowing  into  the  lung  tissue. 
The  worms  occur  in  man  usually  one,  but  in  other  hosts 
two,  in  each  cyst,,  although  instances  are  not  rare  where 
one  or  several  have  been  taken  from  a cyst,  and  some 
cysts  contain  eggs  but  no  adult  worm.  The  cysts  con- 
tain not  only  the  worms,  but  also  masses  of  eggs,  and 
Charcot’s  crystals,  while  cliolesterin  crystals  are  also  oc- 
casionally present.  The  eggs  and  crystals  reach  the  ex- 
terior in  masses  of  mucus  and  blood  through  fine  openings 
which  communicate  with  the  bronchi.  The  number  of 
eggs  discharged  in  the  course  of  a single  twenty-four 
hours  may  be  enormous,  and  was  estimated  in  case  of 
one  patient  who  had  suffered  thirteen  years  from  the  dis- 
ease as  not  less  than  twelve  thousand  daily. 

Yamagiwa  has  also  found  in  the  brain  cysts  containing 
the  parasites  and  eggs  or  simply  the  eggs.  Foci  of  these 
eggs  and  small  blood-vessels  filled  with  them  occurred  in 
the  cortical  substance  of  occipital  and  parietal  lobes; 
these  were  associated  with  giant  cells  and  surrounded  by 
proliferating  connective-tissue  and  round-cell  infiltration. 
The  lungs  of  the  same  host  showed  characteristic  lesions 
due  to  these  flukes,  so  that  Yamagiwa  concluded  that  this 
was  the  source  of  the  egg  emboli  found  in  the  brain. 
These  cases,  of  which  several  are  already  on  record,  are 
characterized  by  epileptic  attacks  (Jacksonian  or  cortical 
epilepsy). 

Yamagiwa  has  also  found  cysts  containing  the  eggs  of 
this  species  in  the  liver,  causing  or  associated  with  cirrho- 
sis of  that  organ,  as  well  as  in  the  diaphragm,  perito- 
neum, mesentery,  and  walls  of  the  intestine. 

Symptomatology.  — When  in  the  lungs,  its  common 
abiding  place,  the  distome  gives  rise  to  periodic  lnemop- 
t y si  s and 
chronic  cough, 
with  rusty, 
mucoid  expec- 
toration; spit- 
ting of  blood 
is  common  but 
not  constant. 

The  condition 
of  the  patient 
remains  good, 
and  almost  no 
abnormal 
sounds  can  be 
detected  bjf 
percussion  of 
the  chest.  Ya- 
magiwa says 
that  the  gen- 
eral appear- 
ance of  the  ex- 
pectoration is 
identical  with 
tuber.culosis, 
and  that  the 
disease  was 
formerly  diag- 
nosed as  such 
in  Japan.  The 
presence  in  the 
sputa  of  the 
eggs  already 
described 
makes  a posi- 
tive diagnosis 
by  microscopic  examination  easy.  Accidental  rupture 
of  a large  blood-vessel  by  the  destruction  of  lung  tissue, 
and  in  severe  cases  general  amemia,  are  the  dangers  to 
be  feared. 


Fig.  4784.— Paragonimus  Westermanii  (Kerb.) 
in  Ventral  Aspect.  Japanese  specimen  from 
human  lung.  X 7.  (After  Katsurada.) 
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Removal  from  an  infected  district  is  followed  usually 
by  complete  recovery. 

In  absence  of  any  knowledge  regarding  the  life  history 
the  mode  of  infection  is  entirely  in  the  dark,  and  equally 
also  the  means  of  prevention.  On 
general  grounds  drinking-water  has 
been  suspected ; more  suspicious  are 
all  uncooked  plant  foods,  and  es- 
pecially such  as  are  grown  in  moist 
places.  In  the  light  of  present 
knowledge  little  weight  can  be  laid 
upon  the  ideas  of  certain  Japanese 
that  fish,  eggs,  and  meat  are  re- 
sponsible for  the  transference  of 
the  parasite  to  the  human  host. 

Opixthorchis  R. 
Blanchard  1895. — 
Body  flat,  elongat- 
ed, broad  posteri- 
orly, but  tapering 
toward  the  anterior 
end.  Cuticula  with- 
out spines  Testes, 
lobed  or  even 
branching,  located 
one  obliquely  be- 
hind the  other  in 
posterior  region. 
Genital  pore  just 
in  front  of  acetabu  • 
luin ; no  special  cop- 
ulatory  organs. 
Receptaculum  sem- 
inis  large,  Laurer’s 
canal  present,  ger- 
marium  anterior  to 
testes.  Uterine 
coils  anterior  to  ger 
marium  and  within 
intestinal  crura. 
Vitellaria  lateral, 
never  anterior  to 
acetabulum.  Ex- 
cretory bladder 
Y-shaped,  the  long 
unpaired  stem 
curved  like  an  8 be- 
tween the  testes. 
Opisthorcliis  feli- 
neux  (Rivolta  1885.) — (Syn. ; Distoma  conus  Gurlt  1831, 
nee  Creplin  1825;  D.  lanceolatum  v.  Siebold  1836,  v. 
Tright  1889,  nec  Mehlis  1825;  D.  sibiricum  Winogradotf 
1892;  D.  tenuicolle  Miihling  1896.) 

Body  much  flattened,  with  sides  parallel  save  that  the 
region  anterior  to  the  acetabulum  is  conical  and  very 
changeable  in  form  when  alive.  Posterior  end  often 
slightly  pointed.  Color  faint  reddish-brown  or  yellow ; 
when  alive,  transparent.  Length  8-11  mm.,  breadth 
1.5-2  mm.  Suckers  separated  by  only  one-fifth  to  one- 
sixth  of  the  length,  nearly  equal  in  size  (0.23-0.25  mm.). 
(Esophagus  very  short,  intestinal  crura  reaching  nearly 
to  posterior  end.  Excretory  bladder  forking  anterior  to 
testes.  Anterior  testis  four-lobed,  posterior  tive-lobed. 
Germarium  median,  transverse,  smaller  than  the  pyri- 
form seminal  receptacle  just  behind  it.  Uterus  entirely 
within  intestinal  crura.  Vitellaria,  in  the  broad  lateral 
fields,  composed  of  seven  to  eight  distinctly  separated 
groups  of  follicles,  all  anterior  to  ovary.  Genital  pore 
immediately  preacetabular.  Eggs  oval  with  distinct  lid 
at  pointed  pole,  0.030  by  0.011  mm. 

This  much  confused  species  has  been  carefully  studied 
by  Braun.  It  inhabits  the  gall  ducts  and  gall  bladder  of 
the  cat,  dog,  fox,  glutton,  and  man.  Of  the  life  history 
little  is  known.  The  eggs  when  laid  contain  a ciliated 
miracidium  which,  according  to  Braun,  will  not  hatch 
out  in  water,  although  in  Winogradoft’s  experiments 
they  are  said  to  have  done  so.  Further  knowledge  on 
the  development  is  lacking. 


Fig.  4785.— Opixthorchis  felineus  (Riv.). 
A,  Elongated  Specimen  from  Liver  of  Cat. 
(After  Braun.)  U,  "Distomum  sibiri- 
cum ” from  liver  of  man.  (From  Braun, 
after  Winogradotf.)  Magnified. 


Distribution. — German}',  France,  Italy,  Holland,  Scan- 
dinavia, Hungary,  Russia,  Siberia,  and  if  correctly  re- 
ported Japan  also,  are  the  countries  in  which  the  species 
has  been  found.  It  is  apparently  most  abundant  on  the 
shores  of  the  Baltic,  and  the  general  correspondence  of 
its  distribution  with  that  of  the  human  tapeworm,  Di- 
bothriocephalus  latus , is  worthy  of  note. 

Pathology. — In  1892  Winogradoff  found  in  post-mor 
terns  at  Tomsk  (Siberia)  cases  of  what  he  thought  to  be 
a new  human  parasite.  This  he  described  as  Distoma 
sibiricum  (Fig.  4785,  B),  but  it  is  probably  identical  with 
the  species  from  the  cat  studied  by  Braun  (Fig.  4785,  .1 1 
Fifteen  cases  have  been  reported  from  Siberia,  Russia,  and 
East  Prussia.  In  Tomsk  it  is  the  most  common  human 
parasite  and  in  East  Prussia  is  also  common.  Although 
in  no  case  was  a fatal  termination  attributable  to  this 
parasite,  yet  pathological  changes  in  the  liver  were  noted, 
such  as  dilatation  of  the  gall  ducts  with  inflammation  and 
thickening  of  the  walls,  and  atrophy  of  hepatic  lissue. 
In  recently  infected  cases  the  liver  was  enlarged  ; in  older 
ones,  on  the  contrary,  smaller  than  normal.  Ascites  was 
noted  in  three  cases,  icterus  in  five.  Askanazy  found 
hepatic  carcinoma  in  both  of  the  cases  he  studied  closely, 
and  noted  that  it  occurred  in  the  region  most  visited 
by  the  parasites.  He  was accordingly  inclined  to  place 
these  facts  in  causal  relation  since  the  changes  incited  by 
the  flukes  consisted  in  manifold,  even  dendritic,  prolifer 
ation  of  the  mucosa  into  the  likewise  proliferating  con 
nective  tissue.  In  both  these  cases  there  were  over  a 
hundred  parasites  found  in  the  infected  organ,  and  they 
were  met  with  also  in  the  pancreatic  duct  and  in  the  in 
testine.  In  other  cases  on  record  the  number  of  parasites 
found  varied  from  a few  to  several  hundred. 

In  view  of  the  frequent  confusion  of  this  species  with 
Dicrocodium  lanceatum  it  is  possible  that  some  records 
included  under  the  latter  actually  concern  the  former 
species.  It  has  been  conjectured  with  good  reason  that 
man  acquires  this  species,  like  Dibothriocephalvs  latus, 
through  the  consumption  of  uncooked  fish  in  which  the 
young  distome  is  encysted,  and  it  is  striking  that  in  all 
of  Askanazy’s  cases  in  East  Prussia  both  these  parasites 
occurred  together.  That  author,  however,  was  unsuc 
cessful  in  the  effort  to  infect  experi- 
mentally with  this  parasite,  or  to  dis- 
cover its  immature  stage. 

A closely  related  American  species 
is  one  which  I originally  described  as 
a variety  of  O.  felineus,  but  now  be- 
lieve to  be  entirely  distinct.  This  is  O. 
pseudofeline  us  Ward  1900  (Fig.  4772), 
which  is  a frequent  parasite  of  the  cat 
in  some  parts  of  the  country,  and  has 
been  found  in  the  dog  and  coyote  also. 

The  intermediate  host  is  unknown,  but 
many  facts  point  to  some  fish.  Its 
transfer  to  the  human  host  might  be 
brought  about  by  chance,  or  as  in  the 
case  of  the  closely  related  species  of 
the  Old  World.  It  occurs  here  in  much 
the  same  hosts  save  man,  and  conse 
quently  would  probably  be  able  to 
maintain  itself  in  the  latter  host  also. 

A small  spiny  distome  which  Wino- 
gradotf  found  in  man  in  one  instance, 
and  which  he  regarded  as  the  immature 
form  of  O.  felineus,  has  been  tentatively 
identified  by  Braun  as  J fet orchis  trun- 
catus  (Rudolphi  1819).  This  species  is 
a normal  parasite  of  the  cat  and  had 
probably  reached  the  human  host  in 
the  same  manner  as  Opixthorchis  feline- 
eus,  with  which  it  is  moreover  often 
associated  in  the  cat.  As  this  form  is 
parasitic  not  only  in  the  cat,  dog,  fox, 
and  glutton,  but  also  in  tivo  species  of  seal,  still  further 
evidence  is  furnished  of  the  transmission  of  this  and  the 
preceding  species  through  fish  food. 

Opixthorchis  sinensis  (Cobbold  1875). — (Syn. : Distoma 
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Fig.  4T8IS . — Upis- 
thurcliis  sinensis 
(Cobb.).  Co n- 
tracted  specimen 
from  man  in  .la- 
pan.  > 0.  (After 
Katsurada.) 


S6P 


Trematoda. 

Trematoda. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


sinense  Cobbold  1875;  1).  spathulaturu  Leuckhart  1876, 
nec  Rudolphi  1819;  D.  hepatis  endermpum  s.  perniciosum 
Baelz  1883 ; 1).  hepatis  innocuum  Baelz  1883 ; D.  japoni- 
cum  R.  Blanchard  1886;  1).  endemicum  Ijima  1886.) 

Length  9-15  or  even  18  mm. ; breadth 
2.4-4  mm.* 

Body  translucent,  slightly  tinted 
with  yellow  or  red;  form  elongate, 
attenuated  toward  anterior  end,  blunt- 
ly pointed  at  posterior  (Fig.  4786). 
Oral  sucker  larger  than  ventral  and 
separated  from  it  by  one-fourth  the 
entire  length.  Testes  deeply  lobed  or 
dendritic,  one  behind  the  other  in  pos- 
terior end  and  overlapping  the  intes- 
tinal crura ; anterior  to  them  the  promi- 
nent, receptaculum  seminis  and  then 
the  germarium,  faintly  lobed,  in  the 
median  line.  Vitellaria  lateral,  extend- 
ing from  the  acetabulum  to  germarium 
or  slightly  further  posteriad.  Uterus 
in  transverse  coils  between  acetabulum 
and  germarium,  but  within  intestinal 
crura.  Genital  pore  at  anterior  mar- 
gin of  acetabulum.  Eggs,  from  feces 
0.027-0. 030 *mm.  long,  and  0.015-0.0175 
mm.  broad;  exceptionally  0.035  by 
0.019  mm.,  or  at  the  other  extreme 
0.02  by  0.0157  mm. ; miracidium  de- 
veloped before  extrusion  from  uterus. 
Parasitic  in  the  cat,  dog,  and  man. 

It  has  been  found  abundantly  in 
Japan,  but  occurs  also  in  Corea,  For- 
YlihorcL^&  n'osa'  Tonquin  China,  India,  and  Mau- 
(Cobb.).  Moder-  ritius.  A single  case  has  been  reported 
ately  extended  from  New  York  City  by  Biggs;  the 
S?.f™im£n  host  was  a Chinaman.  Recently 

nia.  Case  of  White  lias  found  eighteen  cases  or  in- 
White.  Magni-  fection  with  this  parasite  (Fig.  4787)  in 
fled.  (Original.)  gan  Francisco.  All  were  detected  at 
necropsies,  and  of  the  cases  sixteen  were 
pest  infected,  one  had  beriberi,  and  one  valvular  heart 
disease.  White  was  iuclined  to  believe  that  some  of  the 
cases  were  infected  in  California,  though  no  evidence  has 
yet  been  published  to  show  that  the  species  has  actually 
established  itself  on  this  continent. 

In  Japan  the  population  is  widely  infected;  the  para- 
site is  sporadic  in  some  regions,  but  in  other  localities  in 
several  provinces  it  is  endemic;  in  some  districts  of  the 
province  Okaffama,  according  to  Katsurada,  from  fifty- 
six  to  sixty-seven  per  cent,  of  those  subjected  to  fecal 
examination  were  infected.  Of  the  development  the  cil- 
iated embryo  alone  is  known.  This  is  formed  when  the 
eggs  (Fig.  4788)  are  passed  in  the  feces  of  the  host;  but, 
according  to  Ijima,  it  does  not  desert  the  shell  sponta- 
neously, even  after  five  months.  The  intermediate  host 
is  probably  a mollusk,  and  the  rice  fields,  which  are  often 
fertilized  by  human  excrement,  are  centres  of  infection. 
The  mode  of  transmission  can  only  be  conjectured. 

The  parasite  occurs  either  in  the  gall  ducts  and  gall 
bladder  or  in  the  pancreatic  ducts.  It  is  present  also  in 
the  duodenum  and  rarely  in  the  stomach  and  spleen. 
The  pathological  changes  are  of  a mechanical  type,  and 
apparently  generally  proportionate  to  the  duration  of  the 
disease  and  to  the  number  of  worms  present,  which  may 
reach  ten  thousand  or  more  in  a single  host.  In  cases  of 
severe  infection  the  death  of  the  patient  follows;  this 
occurs  in  about  fourteen  per  cent,  of  the  sick.  Two  hun- 
dred and  twenty  fatal  cases  were  recorded  in  twelve  years 
in  the  province  of  Okayama.  Like  other  species,  this 
parasite  has  been  found  outside  the  liver  in  pus  of  a 
phlegmon  on  the  right  side  of  the  abdomen,  and  in  a sec- 
ond case  on  the  diaphragm. 

Pathology. — The  hepatic  lesions  produced  by  flukes 


* Accor  ding  to  previous  reports  the  worm  varies  widely  in  size  with 
hosts  and  number  of  individuals  present.  Even  yet  it  may  be  ques- 
tioned whether  two  or  more  species  are  not  confused  under  this  name 
by  different  observers. 


were  first  accurately  determined  by  Schaper  for  Fasciola 
hepatica  in  cattle  and  sheep,  and  subsequently  confirmed 
by  Katsurada  and  Blanchard,  both  of  whom  studied  the 
changes  in  the  human  liver  produced  by  Opisthorchis 
sinensis.  The  results  show  essential  similarity  in  all 
cases  studied.  The  lesions  are  of  two  sorts;  the  first, 
due  to  the  occlusion  of  the  biliary  ducts  by  the  parasites, 
is  largely  mechanical,  and  consists  in  stasis  of  the  bile 
and  dilatation  of  the  ducts  with  resulting  effects  on  gen- 
eral nutrition.  At  the  same  time  the  resulting  inflam- 
mation leads  to  desquamative  catarrh  accompanied  by 
thickening  of  the  mucosa  and  glandular  hyperplasia. 
There  is  also  a proliferation  of  the  connective  tissue  to- 
gether with  increase  in  blood  capillaries  and  cellular  in- 
filtration, which  aids  in  the  reduction  of  liver  tissue  and 
in  the  obliteration  of  bile  ducts.  Atrophy  of  the  paren- 
chyma and  granular  degeneration  bring  about  the 
destruction  of  the  capillaries,  and  ultimately  the  trans- 
formation of  a larger  or  smaller  portion  of  the  liver  into 
a mass  of  cicatricial  tissue  containing  only  metamor- 
phosed gall  ducts. 

The  effects  upon  the  circulatory  system  are  primarily 
mechanical  in  the  injuries  to  capillaries  producing  mul- 
tiple hemorrhages,  and  where  these  discharge  through 
gall  ducts  resulting  in  anaemia.  The  inflammation  pro- 
duced by  the  movements  of  the  flukes  affects  the  walls 
of  the  blood-vessels  and  renders  it  possible  for  the  flukes 
to  gain  entrance  to  the  system,  and  thus  be  carried  to 
various  parts  of  the  bod}'.  The  growth  of  connective 
tissue  serves  ultimately  to  compress  branches  of  the  por- 
tal system,  or  even  partially  to  obliterate  them,  and  the 
circulatory  stasis  is  followed  by  ascites  or  oedema.  En- 
largement of  the  spleen,  pathological  changes  in  the  pan- 
creas, when  that  organ  also  becomes  infected,  and  chronic 
gastro-intestinal  catarrh  have  been  recorded.  In  fluke 
disease  among  animals  it  has  also  been  noted  that  the 
blood  is  poor  in  haemoglobin  and  subnormal  in  number  of 
corpuscles. 

Opisthorchis  noverca  Braun  1902. — (Syn. : Distoma  con- 
juncium  Lewis  and  Cunningham  1872,  McConnell  1876, 
nec  Cobbold  1859.)  Body  lancet-shaped,  spinous,  9.5- 
12.7  mm.  long  by  2.5  mm.  broad.  Suckers  close  to- 
gether, the  oral  being  larger  than  the  ventral.  Pharynx 
spherical,  intestinal  crura  extending  far  posteriad.  Geni- 
tal pore  immediately  in  front  of  acetabulum ; testes  round 
or  only  slightly  lobed,  at  limit  of  posterior  third  of  body 
and  nearly  opposite.  Germarium  slightly  lobed,  in  front 
of  bifurcation  of  the  Y-shaped  excretory  reservoir.  Ute- 
rus in  loops  through  central  area  from  germarium  to 
genital  pore.  Vitellaria  lateral,  from  testes  anteriad 
nearly  to  acetabulum.  No  cirrus  sac.  Eggs  oval,  0.034 
by  0.021  mm. 

Found  in  a necropsy  in  Calcutta  in  large  numbers 
in  the  gall  ducts  of  two  Mohammedans  by  McConnell. 
Similar  parasites  were  discovered  a few  years  earlier  by 
Lewis  and  Cunningham  in  the  liver  of  street  dogs  in  the 
same  city.  No  doubt  these  forms  were  both  the  same 
species,  but  Braun  has  shown  clearly  that  they  cannot  be 
the  species  which  Cobbold  had  found  earlier  in  the  liver 
of  an  American  fox  that  died  in  London,  and  to  which 
the  discoverers  had  assigned  them. 

Heterophyes  Cobbold  1866. — Body  without 
distinct  separation  into  anterior  and  posterior 
region.  Oral  sucker  wit  hout  crown  of  spines. 

Pharynx  close  to  oral  sucker,  intestinal  crura 
extend  to  posterior  end  of  body.  Genital  ori- 
fice lateral,  near  acetabulum,  surrounded  by 
prominent  muscular  genital  sucker  with  circle 
of  branched  chitinous  spines.  Vitellaria  near 
posterior  margin,  scantily  developed. 

Ueterophyes  heterophyes  (v.  Siebold  1852). — 

(Syn.:  Distomvrn  heterophyes  v . Siebold  1852; 
Mesogonimus  heten'ophyes  Railliet  1890;  Cceno - 
gonimus  heterophyes  Looss  1900;  Cotylogoni- 
mus  heterophyes  Lillie  1900.)  Length  1—1.7  mm.,  breadth 
0.3-0. 6 mm.  Limit  between  anterior  mobile  and  pos- 
terior regions  often  indistinct  in  alcoholic  material  (Fig. 
4789).  Acetabulum  very  powerful,  thick -walled,  about 


Fic..  47SS.— 
Erst  of 
Opisthnr- 
chis  si- 
n cn  sis 
(Cobb  .) 
X50O.  (Af- 
ter Kat- 
surada.) 
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two  and  one-half  times  and  genital  sucker  about  one 
and  one-half  times  as  large  as  oral  sucker;  average  di- 
ameter of  oral  sucker  0.09  mm.,  of  ventral  sucker  0.23 
mm.,  of  genital  sucker  0.15  mm.  Intestinal  crura  thin, 

terminating  pos- 
teriorly at  excre- 
tory b 1 a d der. 
Lateral  acini  of 
vitellaria  out- 
side intestinal 
crura,  some- 
times even  ex- 
tending on  to 
ventral  surface. 
Testes  near  pos- 
terior end,  just 
anterior  to  tips 
of  intestinal 
crura.  German  - 
um  median  in 
posterior  region, 
uterus  covering 
nearly  entire 
posterior  end. 
Eggs  light 
brown,  thick - 
shelled,  0.03  by 
0.017  mm. ; cili- 
ated miracidium 
fully  developed 
when  egg  is  de- 
posited  (Fig. 
4790). 

Parasitic  in 
dog,  cat,  fox  (?), 
a n d m a n in 

(v.  Sieb.)  in  Ventral  Aspect,  a,  Cuticular  TT'£rvl-)f  \ oin 
spines  from  margin  of  genital  sucker,  P.  I ' , 

Other  letters  as  before.  X 42.  (After  Looss.)  gle  record  ot  its 

presence  in  dogs 

in  Japan  needs  confirmation.  The  species  was  discov- 
ered in  1851  by  Bilharz  in  the  intestine  at  the  necropsy 
of  a boy  in  Cairo.  The  belief  that  the  species  was  rare 
in  man  has  been  dispelled  by  the  studies  of  Looss,  who 
finds  it  rather  common;  on  account  of  its  diminutive 
size,  however,  it  is  easily  overlooked.  This  author  has 
also  recently  differentiated  some  closely  related  species 
which  have  been  found  in  other  hosts  and  listed  hereto- 
fore under  the  same  name.  Its  seat  is  the 
middle  third  of  the  duodenum,  and  it  is 
often  found  by  the  hundreds.  It  usually 
moves  about  freely  in  the  chyle,  but  may 
remain  attached  to  the  wall  or  concealed 
in  the  folds  of  the  mucosa.  The  parasite 
feeds  on  the  contents  of  the  intestine,  and 
neither  blood  corpuscles  nor  epithelial 
cells  could  be  found  in  its  alimentary  ca- 
nal. This  accounts  for  its  apparently 
harmless  character  even  when  present  in 
large  numbers.  In  spite  of  the  prominent 
spines  on  the  skin  Looss  was  unable  to  recognize  in  any 
case  alterations  in  the  mucosa  of  the  host,  which  could 
be  attributed  to  the  work  or  presence  of  the  parasite. 
According  to  Looss  also  the  parasite  affects  particularly 
the  country  population  and  is  wanting  in  those  who  live 
in  the  cities  as  well  as  in  Europeans. 

Dicrocaelium  Dujardin. — Body  delicate,  semitranslu- 
cent;  form  elongate,  foliate,  tapering  toward  both  ends, 
with  smooth  cuticula;  oral  and  ventral  suckers  separated 
by  less  than  one-fourth  total  length.  Pharynx  small; 
(esophagus  short ; intestinal  crura  long  but  not  extending 
to  posterior  end.  Cirrus  sac  anterior  to  acetabulum, 
enclosing  coiled  seminal  vesicle  and  long  slender  cirrus. 
Genital  pore  between  pharynx  and  fork  of  intestine. 
Testes  compact,  forming  with  the  smaller  compact 
germarium  a median  series  directly  posterior  to  aceta- 
bulum. Laurer’s  canal  and  receptaculum  seminis  pres- 
ent. Uterus  in  transverse  coils,  tilling  region  posterior 
to  germarium.  Vitellaria  lateral  1o  intestinal  crura, 


Fig.  4790.— Egg 
ot  Hetero- 
pjliyes  helern- 
pliyes.  X 500. 
(After  Looss.) 


only  moderately  developed.  Eggs  dark  brown,  nu- 
merous. 

Dicrocaelium  lanceatum  Stiles  and  Hassall  1896. — (Syn. : 
Fasciola  lanceolala  Rudolphi  1803,  nec  Schrank  1790; 
Dislomum  lanceolatum  Mehlis  1825;  Dicrocodium  lance- 
olatum  Dujardin  1845.)  Length  4,  usually  8-10  mm., 
breadth  1. 5-2.5  mm.  Body  flattened,  lanceolate,  attenu- 
ated toward  both  extremities,  especially  the  anterior 
(Fig.  4791).  Suckers  separated  by  about  one-fifth  total 
length;  diameter  of  oral  sucker  about  0.5  mm.,  of  ven- 
tral about  0.6  mm.  Intestinal  crura  terminate  one-fifth 
of  total  length  from  posterior  end.  Genital  pore  at  in 
t.estinal  fork.  Testes  slightly  right  and  left  of  median 
line.  Vitellaria  from  posterior  testis  through  about  the 
middle  fifth  or  fourth  of  body.  Loops  of  uterus  extend- 
ing laterally  beyond  intestinal  crura.  Eggs  0.038-0.045 
by  0.022-0.030  mm.,  thick-shelled,  dark  brown  when 
deposited,  and  containing  a spherical  or  oval  miracidium 
ciliated  only  at  anterior  end  and  supplied  with  rudimen- 
tary intestine  and  boring  spine. 

Parasitic  in  gall  ducts  of  herbivorous  and  omnivorous 
mammals  very  generally,  often  in  common  with  Fasciola 
hepatica.  Among  the  hosts  given  are  sheep,  cattle,  horse, 
ass,  deer,  goat,  hare,  rabbit,  pig,  and  man.  The  records 
in  accordance  with  which  this  species  occurs  in  dog  and 
cat  rest  on  confusion  with  Opisthorchis felineus. 

The  development  of  the  species  is  unknown.  Leuckart 
found  that  the  miracidia  spontaneously  desert  their  shells 
in  the  intestine  of  certain  slugs  (Avion,  Lirnax),  but  that 
no  further  development  could  be  induced  here  or  in  other 
snails.  On  the  basis  of  a single  feeding  experiment 
however,  he  considered  small  species  of  Plnnorhis  from 
fresh  water  to  be  the  larval  host.  Piana  conjectured 
that  land  snails  were  more 
probably  responsible.  No 
further  evidence  has  been 
obtained. 

The  distribution  of  this 
species  is  less  extended 
than  that  of  Fasciola,  hepa- 
tica, though  in  general 
much  the  same.  Leuck- 
art believed  it  more  abun 
dant  in  southern  Europe 
than  in  the  north.  It  is 
wanting  in  England,  but 
has  been  recorded  among 
extra-European  countries 
in  northern  Africa,  Si- 
beria, Turkestan,  North 
and  South  America. 

Seven  cases  of  human 
infection  are  on  record. 

They  come  from  Ger- 
many, Bohemia,  Italy, 

France,  and  Egypt.  With 
possibly  a single  excep- 
tion the  parasite  was  not 
the  cause  of  any  appar- 
ent trouble.  In  view  of 
this  absence  of  dangerous 
symptoms  Braun  conjec- 
tures that  mild  infections 
may  be  much  more  fre- 
quent than  is  known. 

The  family  of  tlie.Schis- 
tosomidte  Looss  contains 
flukes  of  separate  sexes 
with  the  male  shorter  and 
thicker  than  the  slender 
female,  and  having  a ca- 
nal formed  by  the  ventrally  turned  margins  of  the  body 
The  acetabulum  is  stalked  and  the  intestinal  crura  unite 
posterior  to  it.  Only  one  genus  is  important  here. 

Schistosoma  Weinland  1858. — Female  filiform;  male 
very  broad  with  body  rolled  together  ventrad  to  form 
completely  closed  canalis  gynaecophorns.  Suckers  near 
together.  No  pharynx.  Intestinal  crura  in  male  join 


Fig.  4791.  — Dicrocaelium  lancca- 
tum  Stiles  mid  Hassall.  X 12. 
(After  Braun.) 
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often  far  back.  Genital  pore  in  both  sexes  median,  post- 
acetabular,  no  copulatory  organs.  Testes  of  five  to  six 
vesicles.  Seminal  vesicle  small.  Uterus  of  female  very 

long,  at  times 
with  large  num- 
bers of  eggs. 
Eggs  tapering 
equally  to  both 
ends  with  small 
terminal  spine  at 
posterior  end, 
without  lid.  In 
venous  system  of 
mammals. 

Schistosoma 
haematobium  (Bil- 
harz  1852).  — 
( S y n . : Distoma 
haematobium  Bil- 
liarz  1852;  Gynce- 
cophorus  hcemato- 
bivs  Diesing  1858; 
Bilharzia  hcema- 
tobia  Cobbold 
1859;  Thecosoma 
haematobium 
Moq.-Tand.  1860; 
Bilharzia  capensis 
Harley  1864.) 
Male  4,  or  usually 
10-14  mm.  long,  1 
mm.  broad,  0.14- 
0.17  mm.  thick; 
female  8,  or  usu- 
ally 18-20  mm. 
long,  0.28  mm. 
broad,  0.21-0.25 
mm.  thick,  oral 
sucker  0.2  mm.  in 
male,  0.07  mm.  in 
female.  Acetabu- 
lum pedunculate; 
diameter  0.28  mm. 
in  male,  0.059  mm. 
in  female.  Eggs 
0.12-0.19mm.  long,  0.05-0.073mm.  broad,  spindle-shaped 
with  median  enlargement  and  with  rudimentary  filament 
at  posterior  end. 

• Structure. — Through  the  admirable  recent  studies  of 
Looss  the  earlier  work  of  Leuckart  and  others  has  been 
confirmed  and  extended  so  that  a precise  account  can  now 
be  given  of  this  unique  form.  The  two  sexes  must  be 
considered  separately  save  that  both  agree  in  the  delicacy 
of  structure  consonant  with  their  existence  in  the  blood 
current.  The  male  (Fig.  4792)  shows  papillae  or  warts 
over  the  entire  dorsal  surface,  except  near  both  ends  of 
the  body.  Fine  dermal  spines  cover  the  suckers  both 
within  and  without.  Slightly  larger  spines  cover  ven- 
tral surface  of  the  body  from  the  genital  pore  to  the  pos- 
terior tip,  i.e.,  the  so-called  canalis  c/yncecophorus,  as  well 
as  form  a zone  on  the  dorsal  margin  of  that  side  which 
lies  within  in  the  formation  of  the  canal.  A pharynx  is 
wanting  and  the  oesophagus  with  two  expansions  (A,  B, 
Fig.  4794)  covered  with  a layer  of  salivary  cells  termi- 
nates at  or  near  the  acetabulum,  branching  to  form  the 
intestinal  crura.  These  may  join  soon  to  form  the  un- 
paired caecum,  which  extends  in  the  median  line  nearly 
to  the  posterior  end,  or  their  junction  may  not  occur 
until  the  posterior  fifth  of  the  body  is  reached;  one  also 
finds  the  crura  separating  for  short  intervals  in  the  course 
of  the  unpaired  caecum.  The  food  mass  in  the  alimentary 
canal  of  the  parasite  consists  chiefly  of  leucocytes  with 
pigment  from  the  liver  and  a few  erythrocytes. 

The  reproductive  system  departs  widely  from  that  of 
other  Trematoda  described  in  general  above,  first  in  that 
the  sexes  are  separate,  but  secondly  and  equally  striking- 
ly in  its  structure.  In  the  male  (Fig.  4794)  the  testes, 
four  or  five  in  number,  lie  alternately  right  and  left  of 


Fig.  4792.— Schistosoma  hcematobium  (Bil- 
barz).  Male  and  female  in  copula  and  be- 
fore tbe  beginning  of  tbe  production  of 
eggs.  X 12.  (After  Looss.) 


the  median  line  not  far  behind  the  acetabulum.  As  the 
apparent  common  duct  is  in  reality  a part  of  the  organ, 
the  group  represents  rather  a very  deeply  lobed  single 
testis.  The  short  duct  joins  this  to  the  sausage-shaped 
seminal  vesicle,  from  which  a short  simple  canal  extends 
to  the  sexual  pore.  This  pore  is  always  located  exactly 
at  the  entrance  to  the  canalis  gynsecophorus.  Special 
copulatory  organs  and  glandular  adnexa  are  entirely 
wanting. 

The  body  of  the  female  is  smooth  except  on  the  inner 
surface  of  the  suckers,  where  extremely  fine  spines  are 
numerous  and.  the  posterior  tip  of  the  body,  which  car- 
ries much  stronger  spines,  pointed  in  various  directions. 
A pharynx  is  wanting;  the  oesophagus  with  dilatations 
and  gland  cells,  as  in  the  male,  divides  anterior  to  the 
middle  of  the  acetabulum,  to  form  the  intestinal  crura, 
which  unite  behind  the  germarium  to  proceed  as  an  un- 
paired caecum  in  a zigzag  line,  with  regularly  alternating 
lateral  diverticula  to  the  posterior  end. 

The  female  reproductive  system  (Fig.  4793)  lies  largely 
between  the  acetabulum  and  the  posterior  junction  of 
the  intestinal  crura.  Just  anterior  to  this  junction  one 
finds  the  median,  elongated  oval  germarium.  The  single 
vitellarium  with  symmetrical  follicles  right  and  left  of 
the  intestinal  ctecum,  occupies  the  posterior  end  of  the 
body.  Its  duct  lies  parallel  to  the  germ  duct  coming 
from  the  posterior  end  of  the  germarium,  and  joins  it  at 
the  shell  gland,  which  is  lo- 
cated a short  distance  anterior 
to  the  germ  gland.  After  a 
short  ootype  the  uterus  ex- 
tends nearly  directly  as  a 
tube  of  uniform  calibre  in  the 
median  line  to  the  genital 
pore  which  lies  immediately 
behind  the  acetabulum. 

The  egg  (Fig.  4795)  has  the 
form  of  a compressed  spin- 
dle somewhat  inflated  at  the 
middle.  At  the  posterior  pole 
one  finds  a short  irregular  tip, 
homologous  to  the  filament 
on  the  eggs  of  ectoparasitic 
trematodes.  In  those  eggs 
which  are  discharged  in  urine 
this  process  is  terminal,  in 
such  as  remain  in  the  body 
of  the  host  it  is  slightly  lat- 
eral. The  egg  shell  contains 
a mature  embryo,  cylindrical 
in  form  with  conical  anterior 
tip,  or  papilla,  and  covered 
by  a coating  of  fine  cilia.  A 
rudimentary  alimenatry  ca- 
nal, cephalic  gland,  and  the 
usual  masses  of  germ  cells  in 
the  posterior  end  are  easily 
distinguishable. 

All  authorities,  save  one, 
agree  that  the  embryos  do 
not  hatch  out  if  the  eggs  are 
left  in  unaltered  urine,  but 
that  the  addition  of  fresh 
water,  especially  if  warm, 
brings  about  at  once  the 
opening  of  the  shell  and  es- 
cape of  the  embryos.  If  left 
in  urine  the  embryos  die  in 
the  shell  in  from  six  to  twenty- 
four  hours.  The  further  fate 
of  these  embryos  is  entirely 
unknown,  as  also  the  manner 
of  infection.  It  has  been  con- 
jectured that  the  sporoesyt 

stage  also  occurred  in  the  human  host,  but  the  experi- 
ments of  Looss  on  apes  were  without  result. 

This  species  occurs  as  a parasite  in  the  portal  system 
of  man,  perhaps  also  in  the  Sooty  monkey  and  in  cattle. 


Fig.  4793.  — Sen  is  to  so  in  a 
haematobium  (Bilbarz).  An- 
terior region  of  female  in  ven- 
tral aspect.  The  uterus  does 
not  contain  as  yet  any  de- 
veloping ova.  Letters  as  be- 
fore. X 19.  (After  Looss.) 
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It  is  widely  distributed  in  Africa,  records  being  at  band 
of  its  occurrence  in  Egypt,  along  tlie  eastern  coast,  at 
Cape  of  Good  Hope,  and  at  points  on  the  western  and 
northern  shore  as  well  as  in  the  interior.  It  is  very  com- 
mon among  the  Egyptian  laborers,  and  boys  and  youths 
seem  to  be  particularly  susceptible  to  its  attacks.  One- 
third  or  more  of  those  examined  by  different  observers 
were  found  to  harbor  the  parasite.  The  centre  of  infec- 
tion at  Mecca  (Arabia)  is  regarded  as  introduced,  and  that 
recently  discovered  on  the  island  of  Cyprus  is  probably 
similar. 

A case  has  just  been  reported  by  Manson  in  which  the 
eggs  were  found  in  the  faeces  but  not  in  the  urine  of  an 
Englishman  in  the  West  Indies,  who  had  never  been  in 
any  country  where  the  parasite  is  known  to  exist.  On 
account  of  its  peculiar  features  the  case  needs  confirma- 
tion, but  if  correct  demonstrates  the  existence  of  a new 
centre  of  infection  near  our  shores. 

Stiles  says  that  the  human  blood  fluke  has  been  found 
twice  in  this  country ; once  in  a foreigner  on  the  “ Mid- 
way ” during  the  Columbian  Exposition  and  once  in 
New  York  City.  I have  found  another  case  recorded 
from  Georgia.  All  these  cases  were  certainly  infected 
elsewhere,  and  there  4s  no  evidence  to  show  that  the 
parasite  has  been  able  to  gain  a footing  as  yet  in  this 
country. 

Pathology. — The  females  apparently  go  into  the  venous 
plexus  of  the  pelvis  to  oviposit,  and  the  eggs  are  carried 
thence  by  the  blood  current  into  various  organs.  Here 
they  accumulate,  occluding  the  vessels  and  causing  va- 
rious symptoms  according  to  the  organ  affected.  Such 
accumulations  have  not  been  found  as  yet  in  spleen, 
stomach,  or  pancreas.  In  the  lungs  they  determine  le- 
sions which  simulate  those 
in  miliary  tuberculosis,  and 
though  rarely  recorded  as 
yet  are  believed  to  be  com- 
mon. Tumors  of  similar 
origin  have  been  rarely  met 
with  in  mesenteric  ganglia, 
on  the  peritoneum  and  in 
the  skin. 

In  the  liver  cirrhosis  and 
biliary  calculi  are  produced 
by  their  presence.  More 
frequently  one  can  trace 
them  to  the  walls  of  the 
urinary  passages  or  of  the 
large  intestine,  and  here 
more  serious  difficulties 
arise.  Catarrh  of  the  blad- 
der and  pain  in  the  lumbar 
region  ensue  and  are  accom- 
panied by  the  appearance 
of  blood  or  bits  of  blood 
and  pus  at  the  close  of  mic- 
turition, which  at  first  oc- 
cur only  occasionally  but 
later  regularly.  This  so- 
called  Egyptian  hsematu- 
ria,  or  bilharziosis  as  it  is 
called  after  Bilharz,  the  dis- 
coverer of  the  parasite,  can 
be  definitely  diagnosed  by 
the  microscopical  demon- 
stration of  the  eggs  in  the 
urine.  It  should  be  noted, 
however,  that  these  may  be 
present  in  the  urine  with- 
out the  least  trace  of  blood. 

The  disease  may  continue 
for  some  time,  even  six  to  eight  years,  and  eventually 
terminate  without  more  extended  symptoms. 

Renewed  or  reinforced  infection,  however,  intensifies 
the  cystitis  and  often  brings  about  urethritis  as  well. 
Frequently  one  finds  urinary  calculi,  in  many  of  which 
the  nucleus  of  the  calculus  can  be  shown  to  consist  of 
one  or  more  fluke  eggs.  In  Egypt  one  series  of  observa- 


Fig.  4794.— Schistosoma  licema- 
tohium  (Bilharz).  Anterior 
end  of  male  showing  male  geni- 
tal organs  and  also  in  part 
nervous  and  alimentary  sys- 
tems; A,  B,  enlargements  of 
oesophagus  with  glands;  P, 
sexual  pore;  T,  testis;  VS, 
seminal  vesicle.  X 48.  (After 
Looss.) 


lions  showed  the  coincidence  of  bilharziosis  with  lithiasis 


in  eighty  per  cent,  of  observed  cases.  In  more  severe 
cases  the  changes  may  extend  to  the  ureters,  kidneys, 
and  colon.  The  urine  contains  larger  amounts  of  blood 
and  eggs,  and  the  faces  present  a similar  appearance. 
The  symptoms  then  re- 


semble tropical  dysentery, 
and  Bilharz,  the  discov- 
erer of  this  parasite,  origi- 
nally connected  the  two 
in  a causal  way.  As  a 
result  of  the  changes  out- 
lined, nutrition  suffers  and 
finally  death  ensues  from 
uraemia,  pyaemia,  pyelo- 
nephritis, or  general  ma- 
rasmus. The  wall  of  the 
bladder  shows  under  these 
conditions  excessive  thick- 
ening, together  with  the 
formation  of  excrescences, 
1-2  cm.  in  diameter,  filled 
with  the  eggs  of  the  para- 
site ; the  cavity  of  the  or- 
gan is  diminished  materi- 
ally, and  also  the  elasticity 
of  its  wall.  Extensive  ul- 
cerations are  not  uncom- 
mon, and  in  connection 
with  the  rupture  of  small 
vessels  determine  the  char- 
acteristic hsematuria. 

The  disease  cannot  be 
regarded  as  necessarily  fa- 
tal ; its  severity  depends 
in  general  upon  the  de- 
gree of  infection.  Incases 
of  moderate  intensity  ap 
propriate  treatment  of  a 
general  character  effects  a 
noteworthy  amelioration, 


Fig.  4795.  — Egg  of  Schistosoma 
hcematohium  (Bilharz).  x 500. 
(After  Looss.) 


and  in  many  cases  at  least  the  disease  is  self-terminating. 
Antlielminthics  and  other  medicaments  have  been  em- 
ployed with  variable  results. 

Infection  is  generally  attributed  to  the  use  of  impure 
water  from  pools  and  canals.  It  has  been  observed  that 
those  villages  supplied  directly  from  the  Nile  are  badly 
infected,  while  in  those  using  filtered  water  the  parasite 
is  almost  unknown.  Looss  has  urged  strong  reasons  in 
favor  of  the  view  that  bathing  affords  the  opportunity 
for  the  parasite  to  enter  the  body  through  (lie  skin. 
Both  the  means  of  infection  and  the  subsequent  course  of 
the  parasite  in  reaching  its  location  in  the  portal  system 
are,  however,  entirely  conjectural.  Henry  II  Ward. 
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TRENTHAM  SPRING. — Campbell  County,  Georgia. 

Post-Office. — Fairburn. 

Access. — Via  Atlanta  and  West  Point  Railroad  to  Fair- 
burn,  thence  by  private  conveyance  three  miles  north  to 
spring. 

For  a number  of  .years  this  spring  had  considerable 
local  reputation.  The  principal  ingredients  of  the  water 
are  as  follows:  Calcium 
carbonate,  magnesium 
carbonate,  iron  carbon- 
ate, potassium  carbon- 
ate, magnesium  sul- 
phate, sodium  chloride, 
alumina,  organic  mat- 
ter. The  waters  of  this 
spring  are  said  to  be 
highly  efficacious  in  the  p 
treatment  of  syphilis  and 
scrofula.  d 

James  K.  Crook. 


signs  of  compression,  contusion,  or  laceration  of  soft 
parts,  without  fracture  of  the  external  table. 

5.  Hemorrhage.  The  operation  is  done  in  this  case 
either  to  tie  a vessel  or  to  remove  a clot.  This  is  par- 
tially included  under  heading  4. 

6.  Abscess  of  brain. 

7.  Tumor  of  the  brain  or  meninges. 

8.  Bone  abscess  in  the 
frontal  sinus,  mastoid  proc- 
ess, etc. 

9.  Purulent  meningitis,  the 
object  here  being  to  wash  out 
the  suppurating  cavity. 


Fig.  4797.— 1,  A Fractured  Skull  after 
(After  Charles  Bell.)  A,  B,  The 


TREPANNING  ; TRE- 
PHINING.—By  common 
consent  these  terms  are 
applied,  not  merely  to 
the  application  of  that 
form  of  circular  saw 
known  as  the  trepan  (or 
diminutive  trephine),  but 
to  any  procedure  by 
which  a piece  of  bone  is 
elevated,  or  is  removed, 
in  order  to  permit  the 
elevation  of  some  ad- 
joining portion,  or  the 
exposure  of  the  mem 
branes  or  brain  beneath. 

The  operation  dates  back 
to  the  remotest  antiq- 
uity, and  seems  to  have 
been  practised  at  vari- 
ous times  among  various 
peoples  as  a rite  or  cere- 
mony. Except  when 

performed  by  surgeons,  it  seems  to  have  been  done  usu- 
ally with  the  rudest  of  implements,  and  even  the  instru- 
ments used  by  the  previous  generation  of  surgeons  were 

in  most  respects 
clumsy  and 
coarse. 

Indications. 
— 1 . Simple 
fractures  of  the 
skull,  with  signs 
of  compression. 

2.  Compound 
fractures,  with 
depression,  even 
without  signs  of 
compression,  ex- 
cept over  the 
frontal  sinus,  in 
adults. 

3.  Punctured 
and  gunshot 
fractures,  even 
without  symp- 
toms. (The 
reader  is  referred 
to  the  article  on 
Head,  Wounds 
of,\n  Vol.  IV.  of 
this  Handbook, 
where  I have 
considered  these 
indications  in 

Fig.  4790.— The  Operation  of  Trepanning  in  the  \ 

Early  Part  of  the  F.isrhteenth  Century.  (From  , 77  ‘y, 

Heister.)  4.  Coma,  with 


the  Application  of  the  Trephine  and  the  Removal  of  the  Fragments, 
flaps  of  integument ; C,  the  cranium ; D,  the  dura  mater  exposed. 

10.  Acute  infectious  osteomyelitis  of  the  diplog. 

11.  Epilepsy  or  insanity,  when  any  lesion  can  be  local- 
ized with  sufficient  definiteness. 

12.  To  afford  a so-called  “relief  opening,”  for  relief  of 
pain  or  cerebral  irritability.  (See  also  under  Brain,  Sur- 
gery of.) 

Each  one  of  the  foregoing  conditions  is  an  indication 
for  working  through  and  underneath  one  or  both  tables 
of  the  skull,  in  order  to  effect  whatever  may  be  possible 
beneath  the  level  of  the  bone  removed.  The  various 
conditions  are  discussed  in  their  appropriate  places;  we 
speak  here  only  of  that  which  pertains  to  the  operation 
proper. 

Dangers. — The  South  Sea  Islanders  scrape  through 
each  other’s  skulls  with  pieces  of  glass,  we  are  told,  and 
with  impunity.  Among  the  Cornish  miners  the  operation 
was,  up  to  a comparatively  recent  date,  according  to 
Michel  ( American  Journal  of  the  Medical  Sciences,  Octo- 
ber, 1879),  one  of  daily  occurrence.  The  Count  of  Nas- 
sau was  trephined  by  Chadbourn  some  twenty-seven 
times.  And  all  this  at  a time  when,  or  among  a people 
in  whom,  fear  of  sepsis  has  not  prevailed.  And  yet, 
until  very  recently,  there  has  been  a recognized  school 
of  practising  surgeons  who  have  uttered  solemn  warn- 
ings against  even  a properly  discriminating  resort  to  the 
procedure,  and  fierce  wordy  battles  have  been  waged 
concerning  it.  But  the  medical  profession  is  now  almost 
a unit  in  favor  of  a diagnostic  use  of  the  instrument,  as 
it  is  in  favor  of  an  exploratory  abdominal  section.  We 
are  now  in  a position  where  one  may  boldly  affirm,  even 
in  courts  of  law,  that  trephining  is  not,  by  itself  a dan- 
gerous operation,  when  properly  done,  but  it  must  be  in- 
sisted that  the  proper  performance  of  the  operation  in- 
cludes the  most  careful  attention  to  antiseptic  or  aseptic 
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ings — and  the  other  showing  the  schemes  of  declension 
of  adjectives. 


Scheme  11.— Third  Declension. 

Masculine  and  Feminine. 

-4s  (genitive  -is) . -e 


Neuter. 
(genitive  -is). 


Table  showing  Declension  and  Gender  of  Nodns  Occurring 
in  Titles  of  U.  S.  Pharmacopieial  Medicines  and  in  Com- 
mon Prescription  Terms. 


Nominative  singular  ending  in  -a: 

All  First  Declension  and  Feminine , except  (of  Greek  origin)  the 
following  in  -ma: 


Physosti'gma  (physostig'matis), 
3ci,  n. 

Aspidospe'rraa  (aspidospe'rmatis), 
3d,  n. 

E'nema  (ene'matis),  3d,  n. 


Catapla'sma  (catapla'smatis),  3d, 
n. 

Gargari'sma  (gargari'smatls),  3d, 
n. 

Theobro'ma  (tbeobro'matis),  3d,n. 


Nominative  Singular  ending  in  -ns: 


All  Second  Declension , Masculine , except — 


Juni'perus,  2d,  /. 
Pru'nus,  “ 

Rha'mnus  “ 
Sambu'cus,  “ 
TJ'lmus,  “ 


Rhus  (rho'is),  3d,  f.  (“rhus  gla- 
bra ”). 

Fru'ctus,  4 th,  m. 

Spi'ritus, 

Que'rcus,  “ 


Nominative  Singular  ending  in  -os: 
Comprise  only  the  following— 

Flos  (flo'ris),  3d,  m.  I Bos  (bo'vis),  3d,  rn.  or/. 


Nominative  Singular  ending  in  -um: 

All  Second  Declension , Neuter. 

Nominative  Singular  ending  in  -on: 

Comprise  only  the  following— 

F.riodi'ctyon,  2d,  n.  I Eri'geron  (erigero'ntis),  3d,  n. 

Hsemato'xylon,  “ Li'mon  (limo'nis),  3d,  m. 

Toxicode'ndron,  “ 

Nouns  of  all  other  endings  are  of  Third  Declension , and  are  as 
follows : 

Ending  in  -c : 

Lac  (la'ctis),  n. 

Ending  in  -el : 

Fel  (fe'llis),  n.  1 Mel  (me'llis),  n. 

Ending  in  -en : 

Alu'men  (alu'minis),  n.  | Se'men  (se'minis),  n. 


Scheme  III.— Third  Declension. 

Masculine  and  Feminine. 

-or  (genitive  -oris). 

Scheme  IV.— Third  Declension. 

All  Genders. 

-ens  (genitive  singular  -entis) ; (genitive  plural  -entium). 

In  commentary  upon  the  declension  schemes  of  adjec- 
tives set  forth  in  the  foregoing  table,  it  may  be  stated 
that  Scheme  I.  embraces  by  far  the  greater  number  of 
adjectives.  In  this  scheme  the  neuter  ending  -on,  bor- 
rowed from  the  Greek  like  the  same  ending  among  nouns 
of  the  second  declension,  finds  among  drug  titles  but  a 
single  example,  diachylon.  Scheme  II.  embraces  a few 
adjectives  only  among  those  occurring  in  medicine 
titles,  and  affords  an  example  of  the  nominative  ending 
-e  of  the  third  declension,  which  does  not  occur  among 
nouns  of  pharmacopoeial  titles.  Scheme  III.  offers  a sin- 
gle example  only,  viz.,  fortior.  Of  Scheme  IV.  pliarma- 
copceial  adjectives  give  but  two  examples,  namely,  effer- 
vescens  and  recens.  A survey  of  the  genders  marked  on 
the  table  shows  that  in  every  case  a distinctive  gender, 
where  there  is  such,  can  be  told  from  the  adjective  nom- 
inative ending. 

A final  point,  concerning  the  expression  of  a prescrip- 
tion, is  that,  having  regard  to  the  fact  that  a slip  of  the 
pen  on  the  part  of  the  writer,  ova  slip  of  the  understanding 
on  the  part  of  the  pharmacist  reader  of  a prescription, 
may  convert  what  was  meant  as  a missive  of  mercy  into 
a death  warrant,  it  behooves  the  prescriber  most  sol- 
emnly to  execute  his  task  deliberately,  thoughtfully,  and, 
in  chirography,  legibly,  abjuring  all  dangerous  cloak-of- 
ig nor ance  abbreviation  of  medicine-titles  ; and,  finally,  to 
fail  not  of  that  trusty  safeguard  against  error,  a review 
of  the  paper  after  the  writing.  Edward  Curtis. 


Ending  in  -o: 


(Ao) 

Confe'ctio  (confeetio'nis),  /. 
Lo'tio  (lotio'nis),  f. 

Po'rtio  (portio'nis),  /. 
Tritura'tio  (trituratio'nis),  /. 


(.-ago ) 

Mucila'go  (mucila'ginis),  /. 

(-ho  and  - po ) 
Ca'rbo  (carbo'nis),  m. 
Pe'po  (pepo'nis),  m. 

Sa'po  (sapo'nis),  m. 


(-er) 

yE'ther  (ae'theris),  m. 
Pi'per  (pi'peris),  n. 
Zi'ngiber  (zingi'beris),  n. 


Ending  in  -r: 

(-or) 

I Li'quor  (li'quoris),  m. 

(-wr) 

I Su'lphur  (su'lpburis),  n. 


Ending  in  -s: 


(-as,  genitive  -atis) 
Ace'tas  (aceta'tis),  m. 

[and  all  salt-names  in  -as.] 

(-as,  genitive  -adis) 
Ascle'pias  taselepi'adis), /. 

(-is,  genitive  -itis) 
A'rsenis  (arseni'tis),  m. 

[and  all  salt-names  in  -is.] 

(-is,  genitive  -idis) 
A'nthemis  (anthe'midis), /. 
Ca'ntharis  (cantba'ridis),  /. 
Coloe.y'nthis  (colocy'ntbidis),  /. 
Hamame'lis  (bainaine'lidis),  /. 
I'ris  (i'ridis),/. 

Ma'cis  (ma'cidis), /. 


(-is,  genitive  - eris ) 
Pu'lvis  (pu'lveris),  m. 

(-is,  genitive  -is) 
Ca'nnabis  (ea'nnabis),  /. 
Digita'iis  (digita'lis),  f. 
Hydra'stis  (hydra'stis),  /. 
Sina'pis  (sina'pis), /. 

(-os,  see  ante.) 

(h as , see  ante.) 
(-ns) 

Ju'glans  (jugla'ndis),  /. 

( -ps ) 

A'deps  (a'dipis),  m. 

(-rs) 

Pars  (pa'rtis),  f. 


Ending  in  -x: 


(ax) 

Bo'rax  (bora'cis),  m. 

Sty'rax  (styra'c.is),  m. 

(-ex) 

Co'rtex  (co'rtieis),  m.  and  /. 
Ru'mex  (ru'micis),  /. 


(-ix) 

Pix  (pi'cis),  f. 
Ra'dix  (radi'cis), /. 

(-ux) 

Nux  (nu'eis),/., 

Hx) 

Calx  (ca'lcis) , /. 


Table  showing  Schemes  of  Declension  and  Gender  of  Adjec- 
tives Occurring  in  U.  S.  Pharmacopieial  medicinal  Titles 
and  in  Prescription-phrases. 


Scheme  I .—Second  and  First  Declensions  Combined. 
Masculine.  Feminine.  Neuter. 

-us  f2d  dec.]  -a  [1st  dec.]  -um  (-on)  [2d  dec.] 


PROTOZOA. — Standing  distinctly  as  the  lowest  of  all 
animal  organisms,  the  protozoa  constitute  a branch  dif- 
ferentiated from  higher  groups  by  the  simplicity  of  or- 
ganization in  that  the  animal  consists  of  but  a single  cell 
or  a colony  of  simple  cells.  In  the  main  the  animals  of 
this  group  are  easily  recognized,  although  some  forms 
are  so  generalized,  and  partake  of  plant  characteristics 
to  such  an  extent  as  to  render  their  classification  doubt- 
ful; and,  on  the  other  hand,  certain  higher  forms  show 
the  first  stages  in  specialization  among  cells  of  the  col 
ony  which  ultimately  leads  to  the  differentiation  of  the 
metazoan  organism. 

The  Protozoa  are  true  cells  and  possess  consequently 
neither  organs  nor  tissues.  In  the  discharge  of  all  living 
functions  by  the  single  cell,  however,  one  finds  a physi- 
ologic complexity  as  striking  as  the  morphologic  simplic- 
ity. The  latter  is  also  less  extreme  in  many  cases  where 
specialization  has  effected  the  production  of  individual 
features  within  the  single  cell,  differentiations  which 
subserve  particular  functions,  and  which  are  thus  anal- 
ogous to  the  organs  of  the  metazoa.  Such  are  denomi- 
nated cell  organs,  or  organella;,  and  are  of  great  variety. 
Among  these  may  be  mentioned  the  locomotor  structures, 
such  as  pseudopodia,  flagella,  and  cilia,  the  numerous 
vacuoles  of  a nutritive  and  contractile  type,  the  pre- 
formed, often  highly  modified  openings  for  ingestion  of 
food  and  egestion  of  solid  waste  matter,  and  various 
protective  coverings  of  a permanent  character  or  tem- 
porary and  connected  with  reproduction. 

As  true  cells  all  Protozoa  possess  one  or  more  nuclei, 
and  the  earlier  contention  that  there  exists  a special 
group  of  anuclear  organisms,  the  monera  of  Haeckel,  has 
not  been  confirmed  by  later  study.  The  simple  pro- 
tozoon  is  with  a single  known  exception  (b>iodes  rostrum ) 
uninuclear,  and  the  presence  of  many  nuclei  points  to  a 
colonial  organism  or  to  a reproductive  phase,  except  that 
in  one  large  group  two  formsof  nuclei  coexist  and  divide 
the  functions  otherwise  resident  in  the  single  nucleus. 

The  reproduction  of  the  Protozoa  is  again  that  of  the 


Protozoa. 
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cell,  viz.,  by  division,  which  may  be  simple  or  multiple, 
and  in  varied  form,  either  while  free  or  in  the  encysted  con- 
dition. Two  types  of  division  may  alternate  regularly  or 
indefinitely  in  the  life  cycle  of  a given  species,  and  in  most 
subdivisions  of  the  group  certain  so-called  sexual  proc- 
esses have  been  demonstrated.  These  consist  in  general 
in  the  fusion  of  similar  individuals  (isogametes),  or  of 
dissimilar  (macro-  and  microgametes),  or  merely  in  the 
mutual  exchange  of  nuclear  matter. 

In  regard  to  location  parasitism  among  the  Protozoa 
affords  conditions  not  found  otherwise.  There  are  in  this 
group  not  only  organ  parasites,  as  in  the  groups  of  hel- 
minthes,  but  also  such  forms  as  must  be  designated  tis- 
sue parasites,  cell  parasites,  and  even  nuclear  parasites. 
Different  phases  in  the  life  cycle  of  the  same  species  may 
illustrate  different  modes  of  parasitism,  as  is  the  case  with 
the  malarial  organisms,  which  at  various  epochs  in  the 
life  history  are  successively  cell  parasites  in  the  erythro- 
cytes, organ  parasites  in  the  blood-vessels,  and  tissue 
parasites  in  the  wall  of  the  mosquito’s  midgut. 

In  general,  however,  the  protozoan  parasites  repeat 
conditions  already  described  for  Metazoa.  One  finds  the 
degeneration  of  organs  superfluous  under  conditions  of 
parasitic  existence,  the  formation  of  organs  of  attach- 
ment, such  as  hooks,  suckers,  etc.,  the  noteworthy 
fecundity  already  commented  upon  for  metazoan  para- 
sites; and  finally  the  alternation  of  generations  and  of 
hosts  is  a common  feature  among  the  Protozoa  also. 

An  encysted  condition  of  the  entire  individual  or  of  a 
group  of  spores  aids  in  the  dispersal  of  the  species,  which 
are  all  inhabitants  of  a moist  environment  and  cease  ac- 
tivity at  once  on  withdrawal  of  the  water.  This  general 
habit  renders  it  difficult  to  distinguish  between  mere 
commensals  which  find  in  the  alimentary  canal  of  higher 
forms  conditions  for  their  ordinary  slime-inhabiting  ex- 
istence without  exerting  any  influence  upon  the  host,  and 
such  as  are  parasites  in  the  true  sense. 

A true  parasite  draws  its  nourishment  from  the  host 
and  affects  it  at  least  to  that  extent.  When  this  takes 
place,  as  with  protozoan  parasites  largely,  within  a tissue 
or  even  a cell,  morbid  conditions  are  evoked,  even  though 
they  remain  local  in  some  cases.  That  functional  dis- 
turbances result  is  evinced  by  the  relatively  large  num- 
ber of  protozoan  diseases  among  animals  and  plants. 
These  sometimes  take  the  form  of  tissue  proliferations,  as 
has  been  clearly  demonstrated  for  plants.  An  effort  to 
trace  similar  effects  in  animals  is  found  in  the  extensive 
literature  on  cancer  parasites.  Thus  far,  however,  no 
sufficient  evidence  has  been  brought  to  establish  the  para- 
sitic nature  of  such  abnormal  growths,  and  none  of  the 
supposed  “ parasites  ” can  be  clearly  recognized  as  Pro- 
tozoa. It  should  be  noted  in  passing  that  in  addition  to 
the  mechanical  effect  of  cell  parasites  a chemical  influence 
of  at  least  equal  importance  is  exercised  by  the  excretions 
of  the  organism,  the  metabolic  products  set  free  in  the 
protoplasm  of  the  host  cell.  In  some  cases  this  is  a fac- 
tor of  great  importance,  as  also  in  the  case  of  bacterial 
diseases;  its  significance  among  Protozoa  is  not  yet  suffi- 
ciently investigated. 

It  is  noteworthy  that  in  many  instances  a protozoan 
infection  is  self-terminating,  either  that  a type  of  im- 
munity is  acquired  by  the  host,  or  that  the  reproductive 
cycle  of  the  parasite  reaches  its  limit  without  a change  of 
host  or  alternation  of  generations.  MacNeal  and  Novy 
have  recently  endeavored  to  determine  experimentally 
the  possibility  of  securing  attenuated  cultures  of  one  pro- 
tozoan parasite  (Trypanosoma)  with  absolutely  negative 
results ; the  last  generation  from  a culture  more  than  a 
year  old  was  even  more  virulent  than  the  organism  at  the 
start. 

Regarding  means  of  infection  but  little  definite  evidence 
is  at  hand.  It  is  inferred  that  encysted  forms  furnish  the 
ordinary  means  for  transferring  the  species  to  a new  host, 
and  yet  in  many  cases  experiments  along  this  line  have 
been  without  results.  In  other  cases  it  is  now  kuown 
that  the  transfer  takes  place  through  some  biting  insect, 
which  in  some  cases,  if  not  all,  acts  as  the  host  for  an- 
other phase  in  the  life  history  of  the  parasite,  and  is 


capable  of  transmitting  the  disease  only  after  a period 
sufficient  to  allow  of  the  development  within  its  body  of 
the  specified  portion  of  the  life  cycle. 

In  those  cases  in  which  the  life  history  has  been  worked 
out,  means  of  preventing  the  infection  of  the  human  host 
constitute  the  evident  limitation  to  the  spread  of  the  dis- 
ease caused  by  the  parasite.  The  inauguration  of  a sim- 
ple but  effective  prophylaxis  for  malaria  and  yellow  fever 
ranks  rightly  as  among  the  most  brilliant  achievements 
of  scientific  medicine.  In  cases  in  which  the  life  history 
of  the  parasite  is  unknown,  the  prophylaxis  is  necessarily 
vague  and  uncertain.  It  is  wise  to  emphasize  here  the 
importance  of  co-operative  effort  on  the  part  of  trained 
observers,  both  in  medicine  and  in  zoology,  to  elucidate 
fully  the  problems  which  necessarily  offer  almost  insu- 
perable obstacles  to  the  investigator  approaching  them 
from  the  single  standpoint. 

All  the  varied  modifications  within  the  branch  of  Pro- 
tozoa may  be  grouped  into  four  well-defined  classes  which 
are  now  almost  universally  recognized.  These  may  be 
briefly  outlined  together  with  their  major  subdivisions, 
following  in  the  main  the  classifications  of  Biitsclili,  Cal- 
kins, and  Doflein,  and  noting  principally  those  groups 
which  contain  forms  found  in  the  human  body. 

Glass  I.  Sarcodina.—  Naked  or  shelled  Protozoa,  char- 
acterized in  the  free  adult  condition  by  the  formation  of 
changeable  processes  of  protoplasm  as  organs  of  locomo- 
tion. These  pseudopodia  may  be  lobose,  digitate,  reticu- 
late, or  finely  radiate,  and  may  be  formed  over  the  entire 
surface  of  the  body,  or  only  at  definite  points.  Repro- 
duction takes  place  by  simple  division  and  by  spore  for- 
mation. 

Subclass  1.  Rhizopoda.  Naked  or  shelled  Sarcodina, 
having  lobose  or  reticulate  pseudopodia.  The  young 
may  be  flagellate  as  well  as  amoeboid,  and  are  produced 
by  multiple  division  of  the  active  cell  or  during  en- 
cystment.  Included  among  Amcebina  are  naked  forms 
(Gymnamoebina)  with  both  free  and  parasitic  species, 
and  also  shelled  forms  (Thecamcebina)  only  free  living. 

Subclass  2.  Heliozoa.  Naked  or  shelled  Sarcodina, 
typically  spherical,  with  little  change  of  form  by  amoe- 
boid movements.  Pseudopodia  fine,  filiform,  radiating 
from  all  parts,  provided  with  axial  filament  and  rarely 
changeable,  exclusively  free  living  forms. 

Subclass  3.  Radiolaria.  Marine  Sarcodina  with  pseu- 
dopodia like  those  of  Heliozoa,  but  always  provided  with 
internal  chitinous  capsule  which  encloses  the  nuclei. 
Skeleton  of  acanthin  or  silica  sometimes  absent.  A very 
large  group  of  free  living  forms. 

Subclass  4.  Mycetozoa.  Terrestrial  [saprophytic  or 
parasitic  forms,  also  known  as  Myxomycetes  or  slime 
moulds,  and  included  under  the  fungi  by  some  botanists. 
The  motile  amceboid  or  flagellate  swarm  spores,  the  plas- 
modia  or  colonies  formed  by  the  fusion  of  numerous 
amoeboid  individuals,  and  the  liolozoic  mode  of  nutrition 
are  characteristically  animal  features.  On  the  other 
hand,  the  production  of  spores  in  sporangia,  often  pro- 
vided with  stalks  and  other  plant-like  structures,  are 
taken  to  prove  the  plant  nature  of  these  forms.  All 
known  parasitic  forms  in  this  group  attack  plants. 

Class  II.  Mastigophora. — Protozoa  of  variable  form, 
naked  or  with  cell  membrane;  they  move  by  flagella, 
which  vary  in  number  from  one  to  eight  on  each  cell.* 
Mouth,  contractile  vacuole,  and  definitely  formed  nu- 
cleus usually  present.  Small  forms  with  tendency  to  for- 
mation of  colonies. 

Subclass  1.  Flagella ta.  Small  organisms  with  one  or 
more  flagella  at  anterior  end,  usually  actively  motile,  but 
capable  of  encystment.  Reproduction  by  longitudinal 
fission  of  free  form  or  by  multiple  division  in  encysted 
stage.  Raid}'  transverse  fission  occurs. 

Subclass  2.  Dinoflagellata.  Naked  or  shelled  forms 
with  two  flagella,  one  of  which  extends  out  from  the 
body,  while  the  other  is  wrapped  around  the  animal. 
No  parasitic  forms. 


* Multicilia  lacustris  Cienkowsky  has  many  flagella,  distributed 
over  the  whole  body . 
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Subclass  3.  Cystoflagellata.  Large  marine  forms  with 
parenchymatous  protoplasm  and  firm  membrane ; marine ; 
no  parasitic  forms. 

Class.  III.  Sporozoa. — Exclusively  parasitic  forms,  in 
the  adult  condition  without  flagella  or  cilia,  contractile 
vacuole,  and  opening  for  ingestion  of  solid  food.  Re- 
production always  by  spore  formation,  usually  within 
a firm  membrane.  Alternation  of  generations  only  ex- 
ceptionally wanting.  The  young  forms  regularly  begin 
the  life  cycle  as  cell  parasites;  other  stages  may  be  the 
same,  or  tissue  or  organ  parasites. 

Subclass  I.  Telosporidia. — At  the  end  of  a vegetative 
period  the  entire  cell  divides  into  sporocysts. 

Order  1.  Gregarinida.  Vegetative  stage  intracellular 
at  first,  full-grown  organism  extracellular;  fertilization 
isogamous,  fertilized  forms  permanently  extracellular. 
A large  group  of  forms  parasitic  in  alimentary  and  body 
cavities  of  invertebrates. 

Order  2.  Coccidiomorpha.  Vegetative  stage  perma- 
nently intracellular;  fertilization  anisogamous;  sexual 
generation  permanently  or  temporarily  intracellular. 
Many  of  the  most  important  protozoan  parasites  of  man 
fall  in  the  limits  of  this  group. 

Subclass  2.  Neosporidia.— Sporocysts  are  produced 
continually  and  at  the  expense  of  only  part  of  the  cell. 
In  general  these  forms  are  not  well  known. 

Order  1.  Cnidosporidia.  The  spores  possess  one  or 
more  polar  capsules  which  contain  a coiled  thread  like  a 
nematocyst.  The  sub-orders  are : (1)  Myxosporidia,  para- 
sitic in  water-inhabiting  vertebrates;  and  (2)  microspo- 
ridia  in  certain  invertebrates  also.  Both  are  not  impor- 
tant here. 

Order  2.  Sarcosporidia.  Parasitic  in  muscle  cells  of 
terrestrial  vertebrates,  probably  without  polar  capsule. 
Little  known,  but  important. 

Class  IV.  Infusoria. — Protozoa  with  motor  organs  in 
the  form  of  cilia,  whether  simple  or  united  into  mem- 
branes, membranelke,  or  cirri ; with  macro-  and  micro- 
nucleus ; reproduction  by  division  and  by  budding,  com- 
bined with  an  exchange  of  nuclear  matter  known  as 
conjugation. 

Subclass  1.  Ciliata.  Cilia  persistent  except  when  en- 
cysted. Cytostome  usually  present.  Mostly  free  forms; 
some  parasites  of  man  and  other  animals. 

Subclass  2.  Suctoria.  Cilia  only  on  young  swarming 
stage.  Food  taken  in  by  special  sucking  tubes ; no  cyto- 
stome. No  human  parasites. 

According  to  this  classification  the  forms  which  have 
been  reported  from  man  may  be  arranged  as  given  in 
the  following  list,  in  which,  however,  chiefly  those  species 
are  included  which  are  definitely  accepted.  Some  few 
doubtful  forms  of  special  significance  are  listed  here ; and 
still  others  are  referred  to  in  the  text  under  general  head- 
ings. 

Class  Sarcodina. 

Subclass  Rhizopoda. 

Order  Amcebina. 

Suborder  Gymnamoebina. 

Entamoeba  coli. 

Entamoeba  histolytica. 

Amoeba  Miurai. 

Leydenia  gemmipara. 

Class  Mastigophora. 

Subclass  Flagellata. 

Order  Protomonadina. 

Cercomonas  liominis. 

Monas  pyophila. 

Trypanosoma  gambiense. 

Cystomonas  urinaria. 

Order  Polymastigina. 

Trichomonas  vaginalis. 

Trichomonas  intestinalis. 

Lambda  duodenalis. 

Class  Sporozoa. 

Subclass  Telosporidia. 

Order  Coccidiomorpha. 

Suborder  Coccidia. 

Eimeria  Stiedre. 

Vol.  VIII.— 34 


Eimeria  hominis. 

Eimeria  bigemina. 

Suborder  Ilsemosporidia. 

Plasmodium  malaria;. 

Plasmodium  vivax. 

Plasmodium  immaQulatum. 

Subclass  Neosporidia. 

Order  Sarcosporidia. 

Sarcocystis  Lindemanni. 

Class  Infusoria. 

Subclass  Ciliata. 

Order  Holotricha. 

Cliilodon  dentatus. 

Order  Heterotricha. 

Nyctotherus  faba. 

Balantidium  coli. 

Balantidium  minutum. 

The  relation  of  the  Protozoa  to  disease  is  only  just 
beginning  to  be  investigated.  At  every  point  the  student 
is  met  by  the  gross  insufficiency  of  present  knowledge;  a 
host  of  isolated  observations  is  on  record.  Some  are  clear 
ly  wrong,  while  others  are  indicative  of  important  dis 
coveries,  though  the  presence  of  certain  organisms  durin  g 
specific  diseases  needs  confirmation,  and  equally  their 
relation  to  the  inception  and  progress  of  the  malady. 
New  methods  must  be  worked  out  for  the  culture  no  less 
than  the  study  of  these  forms,  and  the  same  sort  of  rigor 
ous  analysis  is  demanded  in  demonstrating  their  relation 
to  disease  which  has  been  given  to  bacteria.  It  seems 
altogether  probable  that  they  will  play  a prominent  role 
in  medical  investigation  in  the  near  future,  but  in  the 
present  state  of  our  knowdedge  any  review  of  the  group 
must  necessarily  be  only  a tentative  one. 

The  class  of  Sarcodina,  or  sarcode  animals,  is  typically 
represented  by  the  common  free-living  amoeba,  which  has 
its  parallel  in  the  white  blood  cells.  The  most  character- 
istic structural  feature  is  the  ability  to  protrude  a portion 
of  the  body  substance  in  the  form  of  a process  or  pseudo- 
podium by  which  locomotion  is  achieved,  and  also  the 
food  particles  are  seized  and  engulfed.  The  subdivision 
of  the  class  rests  primarily  upon  the  precise  character  of 
the  pseudopodia. 

Under  the  order  Amcebina  are  included  such  forms  as 
possess  lobose  pseudopodia,  and  the  sub-order  of  Gymn- 
amoebina  embraces  such  of  these  as  are  without  a shell. 
All  the  human  parasites  which  fall  within  the  Sarcodina 
are  included  in  a few  closely  related  genera  of  this  sub 
order.  While  the  structure  is  simple,  and  in  agreement 
with  that  of  the  simple  free-living  forms  of  the  group,  it 
is  impossible  to  demonstrate  that  this  is  not  the  result  of 
degeneration  from  more  highly  differentiated  forms  by 
virtue  of  the  parasitic  mode  of  existence.  The  parasitic 
species  are  most  probably  to  be  traced  back  to  slime- 
inhabiting,  free-liviug  forms,  a transition  from  which  to 
the  present  parasitic  existence  seems  most  immediate  and 
simple  in  physiological  adjustment. 

The  ordinary  method  of  reproduction  is  by  simple 
division,  recurring  at  frequent  intervals  and  conserving 
the  rapid  multiplication  of  the  species.  This  form  lias 
long  been  known,  and  is  to  be  observed  frequently  in  all 
truly  independent  organisms  of  this  type.  Recent  inves- 
tigations have  disclosed  another  reproductive  type : under 
definite  circumstances,  possibly  only  after  fusion  of  indi- 
viduals or  some  exchange  of  nuclear  matter,  the  amoeba 
forms  a cyst,  within  which  the  nucleus  undergoes  multi- 
ple division,  and  ultimately  the  protoplasm  arranges  itself 
about  the  new  nuclei,  so  as  to  give  rise  to  an  equal  num- 
ber of  small  amoebic.  When  these  desert  the  cyst  there 
is  left  behind  a residual  mass  of  protoplasm.  At  first  dis- 
tinguishable slightly  in  structure  as  well  as  size,  the 
small  amoebae  thus  produced  soon  grow  to  the  size  and 
appearance  of  the  adult.  The  occurrence  of  this  stage 
in  the  life  cycle  has  not  yet  been  demonstrated  for  para- 
sitic amoeba1,  except  very  recently  for  KnUnmvbu  //  and 
E.  histolytica  ; but  if  present  it  may  well  be  related  to 
the  spread  of  the  species  as  found  in  the  change  of  hosts. 
The  necessity  for  such  a stage  would  explain  the  ineffect- 
ual attempts  which  have  been  made  to  iuocvdate  new 
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hosts  by  direct  transference  of  the  ordinary  parasitic 
form. 

In  the  genus  Amoeba  the  separation  of  species  is  ex- 
ceedingly difficult  on  account  of  the  insignificant  feat- 
ures available  for  purposes  of  differentiation.  There  are 
those  who  lump  the  forms  found 
in  man  with  such  as  occur  in  other 
mammals  under  a single  species, 
and  there  are  also  those  who  con- 
tend that  each  host  shelters  a dis- 
tinct parasitic  species,  and  bring 
as  evidence  the  individuality  of 
parasitism  in  other  groups.  But 
on  the  other  hand  it  may  be 
urged  that  the  amoebae  are  not 
highly  differentiated  as  parasites, 
and  mere  difference  in  host  ani- 
mal has  long  since  been  aban- 
doned as  a distinguishing  mark 
between  parasites  from  higher 
classes.  It  is  certain  that  no  posi- 
tive statement  can  be  made  until 
more  complete  information  is  obtained  regarding  the  life 
cycle  of  the  species.  At  present  no  one  can  affirm  that  a 
given  species  does  not  possess  a free-living  generation  as 
well,  or  even  that  it  is  not  a normal  free-living  form 
which  under  favorable  circumstances  has  taken  up  the 
parasitic  mode  of  life ; in  which  case  it  should  be  re- 
garded as  a mere  accidental  parasite.  Furthermore  of 
only  one  human  parasite  included  within  this  group  can 
it  be  said  positively  that  it  is  more  than  a harmless 
commensal.  Although  facts  have  been  adduced  to  show 
that  others  also  play  a pathogenic  role,  the  question  must 
still  be  regarded  as  at  least  an  open  one. 

Among  the  amoeboid  bodies  which  one  finds  in  nature 
and  in  cultures  many  are  only  developmental  stages 
rather  than  independent  organisms,  and  the  same  may 
well  be  true  of  some  of  the  parasitic  forms.  On  the 
other  hand,  the  distinction  between  such  organisms  and 
various  structural  elements  of  the  human  body  is  often  a 
very  difficult  task,  and  some  of  the  purported  parasitic 
species  are  in  fact  referable  to  the  misinterpretation  of 
the  body  cells  referred  to  above. 

In  the  new  genus  Entamoeba  are  included  two  impor- 
tant human  parasites,  the  life  history  of  which  has  re- 
cently been  well  elucidated.  The  other  imperfectly 

known  species  are 
left  in  the  old  collec- 
tive genus  Amoeba , 
but  fuller  knowledge 
may  result  in  the 
transfer  of  some  or 
all  to  this  same  or 
other  new  genera  ac- 
cording to  the  facts 
ascertained  regard- 
ing the  life  history 
of  the  individual 
forms. 

Entamoeba  coli 
(Losch  1875). — (Syn. : 
Amoeba  coli  Losch 
1875;  [?]  Amoeba  dys- 
enteries Councilman 
and  Lafleur  1891 ; 
Entamoeba  ho  minis 
Casagrandi  e Barba- 
gallo  1897 ; Enta- 
moeba coli  Schaudinn 
1903.) 

Form  oval  or  pyri- 
form (Fig.  5163) ; 
diameter  from  0.0075  to  0.05  mm. ; nucleus  distinct  in 
life,  spherical,  0.002,  usually  0.003-0.007  mm.  in  diameter, 
with  heavy  nuclear  membrane  and  many  small  nucleoli. 

* In  advance  of  the  appearance  of  Schaudinn’s  figures  it  did  not 
seem  advisable  to  do  more  than  quote  the  name  given  in  the  original 
from  which  these  cuts  were  taken. 


Ectosarc  not  distinct  save  in  pseudopodia,  where  it  is 
conspicuous,  everywhere  less  refractive  than  endoplasm. 
Pseudopodia  rare,  usually  one  or  two,  broadly  lobed  and 
heavy  (Fig.  5164).  Endosarc  finely  granular,  with  one 
or  several  non-contractile  vacuoles,  and  many  objects 
ingested  as  food;  such  are  leucocytes,  erythrocytes, 
eosinophilia,  bacteria,  starch  granules,  faecal  particles, 
epithelial  cells,  etc.  (Fig.  5165).  The  digestion  of  ery- 
throcytes is  accomplished  without  excretion  of  any 
pigment  masses. 

Reproduction  in  the  human  intestine  by  simple  division 
and  by  schizogony,  with  the  formation  normally  of  eight 
daughter  cells.  In  fission  the  nucleus  undergoes  ami- 
totic division,  while  in  schizogony  complicated  nuclear 
changes  are  seen  with  the  elimination  of  a portion  of  the 
chromatic  substance.  As  a preliminary  step  to  encyst- 
ment  all  foreign  bodies  are  extruded  from  the  protoplasm, 
which  thus  becomes  clear  and  transparent.  These  cysts, 
first  discovered  by  Grassi,  were  carefully  studied  by  Casa- 
grandi and  Barbagallo.  They  constitute  the  means  of 
transmitting  infection,  as  has  been  determined  experi- 
mentally, first  by  Calandruccio  who  swallowed  such  en- 
cysted forms  and  found  the  developed  amoebas  twelve 
days  later  in  the  faeces.  The  normal  seat  of  this  species 
is  the  upper  region  of  the  colon,  and  the  vegetative  forms 
appear  in  the  faeces  only  when  the  latter  are  semi-fluid  by 


Fig.  5165. — “ Amoeba  coli,”  from  Dysenteric  Intestine,  more  or  less 
filled  with  Erythrocytes ; Nucleus  also  visible.  Magnified.  (From 
Doflein  after  Roetner.)* 

reason  of  disease  or  of  the  administration  of  medicaments. 
The  cysts  which  are  so  characteristic  as  to  be  confused 
with  nothing  in  the  faeces  are  capable  of  further  develop- 
ment only  when  they  contain  eight  nuclei.  Other  cysts 
have  been  determined  experimentally  by  Schaudinn  to 
be  incapable  of  development,  even  though  they  actually 
constitute  the  major  part  (eighty  per  cent.)  of  those 
evacuated.  In  old  dry  faecal  matter  only  the  forms  with 
eight  nuclei  are  present,  and  in  the  colon  of  the  next 
host  eight  small  amoebae  are  formed  by  division  of  the 
protoplasm  and  emerge  to  begin  a new  infection  and  a 
new  vegetative  period. 

This  species  occurred  in  East  Prussia  in  fifty  per  cent, 
of  the  cases  examined;  in  Berlin  the  number  found  in- 
fected was  1 : 5,  and  on  the  Adriatic  coast  2 : 3.  The  exact 
distribution  of  this  species  has  not  been  further  worked 
out,  though  the  numerous  reports  lead  one  to  believe  that 
it  is  a cosmopolitan  species. 

Grassi  was  the  first  to  identify  the  species  from  the 
normal  human  canal,  and  Scliuberg  confirmed  this  by  a 
considerable  series  of  cases.  Casagrandi  and  Barbagallo 
demonstrated  conclusively  that  it  does  not  possess  path- 
ological characteristics,  and  quite  recently  Schaudinn 
in  an  exceedingly  extensive  and  careful  investigation 
showed  the  existence  of  two  very  similar  species,  hither- 
to generally  confused,  one  of  which,  that  under  consider- 
ation, is  a harmless  commensal,  and  the  other  to  be  con- 
sidered next  a dangerous  parasite.  The  first  lives  in  the 
human  host  in  health  and  is  widely  distributed;  it  mul- 
tiplies excessively  in  various  intestinal  disturbances,  and 
is  brought  to  the  exterior  in  faecal  matter  by  any  con- 
ditions which  produce  fluid  or  semifluid  discharges  from 
the  canal.  It  can  indeed  coexist  with  the  following  spe- 
cies, which  is  pathological  in  the  extreme.  The  present 


* In  advance  of  the  appearance  of  Schaudinn’s  figures  it  did  not 
seem  advisable  to  do  more  than  quote  the  name  given  in  the  original 
from  which  these  cuts  were  taken. 


Fig.  5163.  — “ Am  ceba 
coli''  Stained  Prepara- 
tion. Magnified.  (After 
Doflein.)* 


Fig.  5164.— “ Amocha  coli,"  in  Intestinal 
Mucus.  Magnified.  (From  Braun, 
after  Losch.)* 
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species  was  first  carefully  studied  by  Casagrandi  and 
Barbagallo,  and  is  easily  recognized  from  their  account. 
In  the  majority  of  cases  reported,  however,  it  is  difficult 
to  say  which  form  was  under  examination,  although  it  is 
probable  that  in  many  of  them  both  species  were  studied 
and  the  description  contains  features  characteristic  of 
both.  This  is  the  case  with  the  full  and  valuable  ac- 
count given  in  Vol.  I.  of  the  Handbook.  (See  Amoeba 
coli.)  To  this  admirable  review  of  the  subject  have  been 
added  here  only  such  features  as  aid  in  distinguishing  the 
two  recently  differentiated  species. 

Entaenoeba  histolytica  Schaudinn  1903.  (Syn. : [?] 
Amoeba  dysenteries  Councilman  and  Lafleur  1891.) 

In  many  general  features  like  E.  coli,  often  occurring 
together  with  the  latter,  and  heretofore  generally  con- 
fused with  it,  yet  distinguishable  by  the  following  feat- 
ures: Ectoplasm  well  developed  and  present  as  distinct 
plasma  zone,  more  highly  refractive  than  the  endoplasm, 
viscous  in  consistence  and  glass  like  in  appearance.  Nu- 
cleus rarely  visible  in  life,  almost  homogeneous;  little 
refractive,  poor  in  chromatin,  usually  with  a single  nu- 
cleolus in  centre,  and  with  very  delicate  nuclear  mem- 
brane, if  indeed  any  is  present.  Reproduction  by  divi- 
sion and  budding,  the  latter  often  multiple,  and  both 
following  amitotic  nuclear  division.  Cysts  with  eight 
daughter  cells  never  found.  Resting  stages  are  formed 
when  the  faeces  grow  firmer;  the  progress  of  their  forma- 
tion begins  by  the  rejection  of  chromatin  from  the  nucleus 
until  the  entire  plasma  is  filled  with  chromatin  masses, 
and  the  nucleus  itself  degenerates  and  is  absorbed  or 
thrown  out.  The  chromatin  masses  collect  in  the  per- 
ipheral zone  of  the  plasma  and  come  to  lie  in  ectoplas- 
mic hillocks,  which  develop  to  free  spherules  on  the 
surface  of  the  cell.  These  structures  measure  only  0.003- 
0.007  mm.  in  diameter,  and  soon  acquire  a yellowish- 
brown  membrane  and  a highly  refractive  semi-opaque 
appearance.  The  remainder  of  the  amoeba  goes  to  pieces. 
Schaudinn  was  able  experimentally  to  evoke  a severe 
dysentery  by  feeding  these  spores  to  cats,  and  maintains 
on  good  grounds  that  such  spores  constitute  the  only 
means  of  producing  a new  infection  normally.  Injec- 
tions per  anum  of  the  vegetative  form  alone  produced  a 
typical  case  of  the  disease,  as  Jurgens  showed  first. 

While  E.  coli  has  no  power  to  penetrate  the  healthy 
epithelium,  E.  histolytica  is  able  to  enter  anywhere  and 
force  its  way  through.  In  this  process  the  amoeba;  push 
the  cells  apart,  and  even  force  them  free  from  the  layer. 
These  features  were  first  correctly  described  by  Jurgens, 
who  gave  a full  and  accurate  account  of  this  species. 
His  discoveries  on  the  cat  have  been  confirmed  by  the 
observations  of  Schaudinn  on  man  also.  The  amoeba; 
were  found  in  sound  regions  of  the  mucosa  in  the  glands 
of  Lieberktilin,  could  be  followed  on  into  the  submucosa. 
Undermining  of  the  mucosa  and  abscess  formation  fol- 
lows in  later  stages  of  the  malady.  These  investigations 
demonstrate  clearly  that  E.  histolytica  is  a true  tissue 
parasite,  like  the  Myxosporidia,  and  indeed  the  most 
dangerous  of  all  Protozoa  yet  known,  and  that  it  is  the 
cause  of  ulcerous  amoebic  enteritis. 

Jurgens  is  the  only  author  who  in  the  opinion  of 
Schaudinn  has  characterized  this  species  in  recognizable 
form,  although  the  species  was  probably  before  many 
authors,  who  were  unable  to  differentiate  it  clearly  from 
the  other  species,  E.  coli,  with  which  it  was  certainly  as- 
sociated in  some  cases  reported. 

The  material  from  which  the  pathological  species  was 
obtained  by  Schaudinn  came  from  a limited  number  of 
cases  of  tropical  dysentery  acquired  in  Egypt,  China,  and 
Siam.  The  real  geographical  distribution  of  the  species 
is  thus  evidently  but  imperfectly  known. 

It  is  difficult  to  pass  satisfactorily  upon  the  specific 
character  of  the  forms  hitherto  observed  in  the  United 
States,  and  only  two  references  will  be  made.  The  obser- 
vations of  Craig  ( Medical  News,  March  16th,  1901)  seem 
to  have  been  made  on  Entamoeba  coli  of  Schaudinn,  in 
which  the  former  described  as  “ oval  spots  ” the  forma- 
tion of  the  encysted  daughter  cells  already  well  known 
from  the  work  of  Casagrandi  e Barbagallo.  The  splendid 


monograph  of  Councilman  and  Lafleur  in  my  opinion 
deals  unmistakably  with  E.  histolytica  of  Schaudinn. 
The  description  of  the  amoebae  is  very  detailed  and  pre- 
cise, and  apparently  agrees  minutely  with  the  charac- 
ters, such  as  the  form,  appearance,  and  position  of  the 
nucleus,  advanced  by  Schaudinn  to  separate  the  patho- 
genic E.  histolytica  from  the  harmless  E.  coli.  The 
absence  of  any  reference  by  such  careful  observers  to  the 
formation  of  cysts,  which  is  easily  observed  in  E.  coli, 
must  be  regarded  as  confirmative  evidence  of  the  pres 
ence  of  the  other  species.  If  this  opinion  with  regard  to 
the  identity  of  the  forms  proves  to  be  correct,  the  specific 
name  given  by  Councilman  and  Lafleur  will  have  to  be 
used  in  preference  to  the  later  form  given  by  Schaudinn 
and  the  species  will  be  known  as  E.  dysenteries  (Council 
man  and  Lafleur  1891).  Although  illustrated  by  very 
inadequate  figures,  the  pathological  lesions  caused  by 
this  species  are  described  by  these  authors  with  great 
fulness  and  care,  and  anticipate  very  largely  the  work  of 
Jurgens,  to  which  Schaudinn  accords  such  well-merited 
praise. 

The  following  forms  included  under  the  generic  name 
Amoeba  are  classified  thus  rather  tentatively,  as  our 
knowledge  of  the  life  history  at  least  is  too  limited  to 
allow  of  greater  precision.  Probably  some  at  least  are 
related  to  the  species  just  described  if  not  identical  with 
them. 

Amoeleei  Miurai  Ijima  1898.— Normally  isolated  in- 
dividuals (Fig.  5166),  adhering  in  conglomerate-like  clus- 
ters only  when  dead  or  dying.  Living  specimens,  spheri- 
cal or  ellipsoidal,  having  at  one  pole  a small  rounded 
protuberance  or  villous  knob,  which  is  closely  set  with 
fine  pseudopodia.  Diameter  0.015-0.038  mm.  Villous 
knob  papilliform  or  hemispherical,  0.01  mm.  in  diameter 
at  base,  but  capable  of  entire  retraction  at  times,  or  the 
fine  pseudopodia  may  be  entirely  withdrawn.  Nucleus 
round,  oval,  or  reniform,  0.008-6.015  mm.  in  diameter, 
two  or  three  being  found  in  the  single  cell  as  often  as 
one.  Ectoplasm  visible  only  in  villous  knob;  endoplasm 
finely  granular  with  one  to  several  conspicuous  non-con- 
tractile  vacuoles  and  minute  oil-like  corpuscles. 

This  form  was  found  by  Miura  and  described  by  Ijima. 
It  occurred  in  the  serous  fluid  accumulation  of  perito- 
neal and  pleural  cavities  in  a female,  twenty-six  years 
old,  who  died  from  peritonitis  and  pleuritis  endotbelio- 
matosa.  The  amoeba;  were  absent  at  first  from  the  faeces, 
but  made  their  appearance  two  days  before  the  patient’s 
death,  concomitantly  with  hemorrhage  in  the  intestine. 
Living  and  dead  indi- 
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viduals  were  found  to- 
gether in  the  freshest 
serous  fluid  under  rigid 
precautions  against  in- 
jurious influences,  and 
this  is  regarded  by 
Ijima  as  evidence  of 
the.  abnormal  occur- 
rence of  the  parasite. 

It  has  not  been  report- 
ed since  then,  and  is 
explained  by  some  authors  on  the  basis  that  the  supposed 
amocbte  were  only  “exudate  cells.”  Lillie  states  that  this 
is  unquestionably  the  case. 

A considerable  number  of  so-called  amoeba;  have  been 
reported  from  various  organs  in  man,  and  usually  patho- 
genic characteristics  have  been  attributed  to  them.  They 
are  known  mostly  from  single  records  of  their  occurrence, 
and  often  lack  both  name  and  recognizable  description 
It  has  been  suggested  that  they  are  commensals,  and  of 
secondary  importance.  It  is  equally  probable  that  some 
at  least  are  occasional  or  accidental  parasites,  and  devoid 
of  general  importance  in  human  pathology.  Owing  to 
the  general  uniformity  of  structure  in  this  group  all  but 
the  most  careful  descriptions  arc  worthless  for  future 
study  and  comparison  with  other  species.  A few  of  the 
best  accounts  of  these  uncertain  forms  are  noted  here  for 
reference. 

Amoeba  Kartulisi  Doflein  1901. — Diameter  0.03-0. 03s 


Flo.  51li6. — Amoeba  Miurai.  a.  Liv- 
ing; h.  from  specimen  preserved  in 
acetic  acid.  X500.  (After  Ijima.) 
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mm.  without  distinct  ectosarc  and  endosarc.  Plasma 
coarsely  granular,  with  very  small  nucleus  (or  nucleo- 
lus?), demonstrable  only  by  staining.  Movement  more 
rapid  than  in  Entamoiba  coli.  Usually  only  one  or  a few 
pseudopodia,  long,  digitate  and  rapid  in  formation.  Re- 
production not  observed. 

This  species  was  found  by  Kartulis  in  Alexandria, 
where  it  occurred  in  an  Arabian,  in  a tumor  the  size  of 
an  orange,  on  the  right  mandible.  In  the  thick  pus  and 
on  fragments  of  extracted  bone  the  amoebae  occurred  to- 
gether with  numerous  bacteria.  They  had  been  feeding 
on  blood  and  pus  corpuscles.  Although  apparently  dis- 
tinct from  Entamoeba  coli,  Doflein  inclines  to  regard  their 
connection  as  not  impossible,  and  views  as  even  more 
probable  this  interpretation  of  the  amoebae  from  an  abscess 
in  the  oral  cavity  reported  by  Flexner.  These  were  de- 
scribed as  larger  than  leucocy'tes,  with  granular  vacuo- 
lated plasma  and  a nucleus  demonstrable  only  with  some 
uncertainty.  Although  in  both  these  cases  the  presence 
of  Entamoeba  coli  in  the  host  had  not  been  shown  by  anjr 
antecedent  dysentery  or  faecal  examination,  it  has  already 
been  stated  that  this  species  may  be  present  in  the  nor- 
mal intestine,  and  its  occurrence  outside  the  canal  in  ab- 
scesses is  abundantly  demonstrated  by  other  cases.  It  is 
less  probable  this  form  may  have  been  Entamoeba  histo- 
lytica, though  the  description  is  not  distinctive,  as  the 
absence  of  lesions  in  the  canal  can  hardly  be  explained  if 
the  pathogenic  species  was  present. 

Amoeba  urogenitalis  Baelz  1883. — Diameter  0.022-0.05 
mm.  Plasma  coarsely  granular,  containing  one  or 
several  nuclei,  excretory  products,  and  erythrocytes. 
Movement  slow,  by  formation  of  short  pseudopodia. 
Encysted  forms  possibly  occur. 

Originally  found  in  numbers  in  the  bloody  urine  and 
vaginal  mucus  of  a Japanese  female,  twenty-three  years 
old,  who  shortly  before  her  demise  from  tuberculosis 
manifested  haematuria  with  strong  cystic  tenesmus.  ( Cf. 
Vol.  I.,  p.  233,  Handbook.)  Similar  cases  have  been 
reported  by  many  authors.  In  Jurgens’  case  chronic 
cystitis  was  associated  with  small  mucous  cyst  filled  with 
amoebae;  these  were  also  present  in  the  entire  vagina. 
The  descriptions  are  scanty  and  do  not  render  a differen- 
tiation between  these  forms  and  Entamoeba  coli  and  E. 
histolytica,  either  structurally  or  clinically  easy  at 
present.  Pathogenic  characteristics  are  certainly  not 
distinctly  shown,  and  in  so  far  this  case  belongs  more 
probably  to  E.  coli  if  to  either.  Better  knowledge  of  the 
species  and  more  careful  examination  of  the  reports  of 
previous  observers  may  make  it  possible  to  refer  some 
such  cases  to  a definite  species ; but  many  will  always 
remain  uncertain. 

Amoeba  buccalis  Sternberg  1862 : Amoeba  dentalis  Grassi 
1879;  Amoeba  gingivalis  Grassi  1849. — All  these  species 
were  discovered  in  tartar  scraped  from  the  surface  of 
human  teeth.  They  have  not  been  reported  a second 
time,  and  Celli  and  Fiocca  state  specifically  that  they 


Fig.  5107.  -Leydenia  gemmipara ; a , at  rest:  b,  in  movement. 
Magnifled.  (From  Doflein  after  Schaudinn.) 

have  failed  to  find  amceboid  organisms  in  the  oral  cavity. 
Grassi  himself  suggested  the  possibility  of  confusion  with 
salivary  corpuscles. 

Amoeba  pulmonalis  Artault  1898.— In  an  examination  of 
the  contents  of  a large  pulmonary  cavity  a small  number 
of  amoeba?  were  found  among  the  leucocytes,  which  were 
distinguishable  by  firm  contour,  much  finer  and  more 


uniform  granulation,  and  a distinct  nucleus  or  vacuole. 
In  appearance  like  the  epithelial  cells  found  in  sputum 
they  manifested  changes  in  form  and  position  through 
the  slow  formation  of  pseudopodia.  They  were  also 
more  highly  refractive,  and  resisted  methylene  blue  or 
fuchsin  longer  than  leucocytes,  but  when  preserved  they 
stained  readily  and  were  indistinguishable  from  the  lat- 
ter. Despite  the  conjectures  of  the  discoverer  their  real 
nature  remains  entirely  unknown. 

Leydenia  gemmipara  Schaudinn  1896. — Irregularly 
spherical  or  polygonal  in  form  when  resting  (Fig.  5167, 
a),  surface  with  prominent  verrucosities.  Ectosarc  and 


Fig.  5168. — Leydenia  gemmipara.  a , b,  c,.  Young  individuals 
formed  liy  gemmation,  n,  nucleus.  Magnifled.  (From  Doflein 
after  Schaudinn.) 

endosarc  not  distinctly  limited,  but  pseudopodia  more 
hyaline  than  the  opaque  body  with  numerous  highly 
refractive  yellowish  granules.  Diameter  of  body.  0.003- 
0.036  mm.  Nucleus  single,  spherical,  distinct  in  life, 
and  in  the  preserved  specimen  regularly  one-fifth  the 
diameter  of  the  body;  movement  very  slow,  produced  by 
formation  of  a broad,  li}raline  lamella  at  the  anterior  mar- 
gin; streams  of  granular  endosarc  extend  to  the  margin 
of  this  lamella  (Fig.  5167,  b),  and  may  even  project  be- 
yond it  as  pointed  pseudopodia.  The  endoplasm  con- 
tains granules,  crystalline  bodies,  interpreted  as  excre- 
tory, and  numerous  vaduoles  which  increase  in  size 
toward  the  centre.  A pulsating  vacuole  is  present  and 
contracts  at  intervals  of  about  fifteen  minutes. 

Two  or  more  individuals  frequently  unite  without 
fusion  of  the  nuclei,  and  plasmodia  are  formed  by  the 
union  of  many  single  individuals.  Both  division  and 
gemmation  occur.  In  the  former  the  size  of  the  result- 
ing amoebae  may  be  very  different,  but  is  always  propor- 
tional to  the  size  of  the  nuclei  (5:1).  The  nucleus  divides 
directly,  and  the  bud  which  originates  as  a protuberance 
from  the  surface  of  the  amoeba  gradually  works  free  and 
becomes  an  independent  individual,  which  may  at  once 
undergo  multiple  division,  giving  rise  to  a mass  of  small 
spore-like  forms  (Fig.  5168). 

Many  years  ago  Lieberkiilin  observed  in  ascites  fluid 
associated  with  malignant  tumors  peculiar  cells;  and 
similar  structures  were  seen  later  bv  others.  In  1896 
Leyden  and  Schaudinn,  on  the  basis  of  an  exact  investiga- 
tion of  these  bodies  in  a particular  case,  determined  them 
as  a new  parasitic  rhizopod.  Leyden  had  found  them  in 
the  ascitic  fluid  of  two  patients  in  whom  positive  evidence 
of  gastric  carcinoma  and  of  tumors  in  the  peritoneal  cav- 
ity was  furnished.  The  amoebae  appeared  in  numbers  in 
fluid  drawn  off  from  the  cavity,  and  could  be  kept  alive 
in  fluid  preserved  several  days  under  aseptic  conditions. 
Schaudinn  studied  the  amoebae  carefully  and  pronounced 
them  to  be  unmistakably  parasitic  forms.  Some  later 
critics  have  inclined  to  reject  this  view,  and  regard  them 
as  descendants  of  the  human  tissue  cells  or  pathologic 
neoplasms.  L.  Pfeiffer  especially  has  maintained  that 
similar  large  amoeboid  cells  (“exudate  cells")  occur  in 
variola,  vaccinia,  varicella,  herpes  zoster,  etc.,  and  yet 
the  contractile  vacuole,  peculiar  nuclear  structure,  and  re- 
productive processes  of  Leydenia  indicate  unmistakably 
an  independent  organism,  as  well  as  many  other  features 
in  which  it  resembles  various  related  free-living  forms. 
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Originally  Leyden  and  Schaudinn  were  inclined  to  con- 
nect this  form  with  carcinoma,  but  expressed  no  positive 
opinion  on  this  point.  Unfortunately  it  has  not  been 
studied  by  subsequent  investigators,  and  in  fact  has  been 
found  but  twice  since  then,  although  often  sought  for 
under  similar  circumstances.  Recently  Schaudinn  has 
advanced  the  view  that  this  form  is  probably  an  acci- 
dental commensal. 

The  class  of  the  Mastigophora  Includes  a great  variety 
of  organisms,  having  in  common  hardly  more  than  the 
possession  of  vibratile  organs  of  locomotion  known  as 
flagella,  which  by  greater  length,  lesser  number,  and 
type  of  movement  are  easily  distinguishable  from  cilia. 
The  group  shows  relationships  in  many  directions,  and 
affords  an  almost  unbroken  line  of  transition  to  forms 
which  are  typically  plant  organisms.  Here,  again,  as  in 
the  last  class  (Sarcodina)  the  uniformity  of  structure, 
coupled  with  an  even  smaller  average  size  and  very  in- 
sufficient acquaintance  with  the  life  history,  render  it 
difficult  to  speak  positively  regarding  many  of  the  organ- 
isms. Of  the  sub-classes,  which  are  founded  upon  the 
number  and  arrangement  of  the  flagella,  the  character  of 
the  cell  body  and  general  habits  of  life,  only  one,  Flagel- 
lata,  is  of  importance  here,  as  the  others  contain  no  para- 
sitic forms. 

The  general  form  of  the  body,  the  number  and  position 
of  flagella,  and  the  precise  method  of  reproduction  serve 
to  distinguish  in  the  sub-class  Flagellata  five  orders. 
Only  two  of  these  embrace  human  parasites  and  demand 
consideration  here,,  namely : Protomonadina  and  Poly- 
mastigina. 

The  Protomonadina  are  small  forms,  often  tending  to 
form  colonies.  They  have  at  the  anterior  end  one  flagel- 
lum, two  similar  flagella,  or  two  or  three  dissimilar 
flagella.  In  many  parasitic  species  an  undulating  mem- 
brane accompanies  a single  flagellum.  Doflein  gives  the 
following  key  for  the  determination  of  those  families 
which  include  parasitic  species: 

1.  A single  flagellum  on  anterior  end 2 


Two  flagella  on  anterior  end Bodonidse 

2.  An  undulating  membrane  along  the  side  of  the 

body Trypanosomidae 

No  undulating  membrane  present.  . Cercomonadidte 


Cercomonas. — The  species  in  this  genus  are  rather  un- 
certain. Many  forms  have  been  assigned  to  it  which 
later  studies  have  shown  to  belong  to  other  genera. 
Confusion  is  possible  both  with  plant  organisms  and 
with  mere  developmental  stages  of  other  groups.  The 
species  are  small  and  colorless;  in  form  round  or  oval, 
with  a very  large  flagellum,  which  is  projected  ahead  in 
locomotion.  Many  of  the  forms  reported  from  the  human 
body  and  assigned  to  this  group  are  imperfectly  known, 
often  found  but  a single  time,  and  in  many  cases  prob- 
ably pseudoparasites  of  various  degrees.  One  or  two  of 
the  more  distinct  forms  need  brief  mention  here. 

Cercomonas  liominis  Davaine  1854. — Body  pyriform, 
pointed  posteriori}",  with  single  flagellum  at  anterior  end. 
Length  0.01-0.012  mm.  Movement  rapid,  capable  of 
attaching  themselves  by  posterior  tip.  Smaller  variety 
0.008  mm.  long. 

Found  in  the  dejecta  of  a cholera  patient,  the  smaller 
variety  in  typhoid  dejecta.  Various  later  reports  may 
be  assigned  to  this  species,  including  that  of  Larnbl  in 
1875,  which  has  often  been  erroneously  identified  as  the 
same  as  the  species  described  under  the  same  name  by 
this  author  in  1859.  The  latter  will  be  discussed  under 
its  present  name  of  Lamblia  duodenalis.  Some  authors 
have  assigned  the  former  species  to  Trichomonas,  forget- 
ful of  the  fact  that  it  possesses  but  a single  flagellum. 

It  would  be  hazardous  to  assert  that  all  typical  cer- 
comonads  thus  far  described  from  the  human  host  fall 
unquestionably  into  the  limits  of  a single  species;  yet  in 
the  absence  of  contradictory  evidence  they  may  for  prac- 
tical purposes  be  considered  as  such.  These  forms  have 
been  found  in  the  alimentary  canal,  the  bronchial  system, 
in  pleural  exudate,  and  in  an  Echinococcus  cyst.  Encysted 
forms  have  also  been  described.  All  investigators  have 
not  been  equally  careful  to  demonstrate  the  intestinal 


origin  of  such  forms  as  were  found  in  faces,  and  which 
may  have  been  due  to  secondary  contamination  of  the 
fecal  material.  Among  numerous  records  only  those  of 
Councilman  and  Lafleur  and  of  Dock  concerning  the 
occurrence  of  such  forms  in  this  country  need  be  men- 
tioned. 

Monas  pyophila  11.  Blanchard  1895.  (Syn. : M.  jryophyla 
Neveu-Lemaire  1902.)  Form  similar  to  large  sperma- 
tozoa, 0.08-0.06  mm.  in  diameter  of  body,  with  longtila 
ment  from  rounded  pole,  resembling  a flagellum,  yet  capa- 
ble of  retraction  when  the  form  becomes  nearly  spherical. 
Outside  a cuticular  (?)  layer,  which  extends  through  the 
body  in  partitions,  dividing  it  into  three  regions.  Move- 
ment rapid,  accompanied  by  change  of  form. 

Found  by  Grimm  in  sputum  and  pus  of  abscesses  in 
lung  and  liver  of  patient  in  Japan. 

The  Trypanosomida;  are  parasitic  forms  with  a chief 
flagellum  directed  anteriad,  usually  two-edged,  with 
more  or  less  of  a spiral  twist  in  the  body,  and  with  one 
edge  of  the  body  provided  with  an  undulating  mem- 
brane. The  numerous  species  are  bsematozoa  in  verte- 
brates, though  some  live  in  the  body  cavity  and  alimen- 
tary canal  of  both  vertebrates  and  invertebrates.  Those 
forms  of  importance  here  all  fall  in  the  genus  Trypa- 
nosoma s.  str.  Much  difference  of  opinion  prevails  as  to 
the  number  of  species  and  their  limits.  Most  of  them 
are  very  poorly  known,  although  several  so-called  spe- 
cies were  discovered  as  much  as  sixty  years  ago;  indeed 
of  no  form  is  even  an  approximately  complete  account  of 
the  life  history  at  hand.  Various  species  are  recognized 
in  various  parts  of  the  world  as  the  cause  of  specific  dis- 
eases among  domesticated  animals,  which  have  assumed 
economic  importance  of  the  first  rank.  The  most  promi- 
nent of  these  are  the  following,  together  with  the  range 
and  host  of  each  species  listed. 

Trypanosoma  Lewisi,  in  rats  and  ( ?)  the  hamster,  re- 
ported from  Europe,  Asia,  Africa,  and  North  America, 
and  causing  at  times  fatal  epidemics. 

Trypanosoma;  Brucei,  in  cattle,  horses,  mules,  and  wild 
animals,  gives  rise  to  the  nagafia  or  Tsetse-fly  disease  in 
Africa  south  of  the  Sahara. 

Trypanosoma  equiperdum,  in  horse,  ass,  and  other  do- 
mesticated species  by  inoculation,  causes  douriia  in  the 
circum-Mediterranean  region. 

Trypanosoma  Evansi,  in  mammals,  especially  domestic, 
where  it  causes  the  surra  in  India,  China,  Burmali,  and 
the  Philippines. 

Trypanosoma  equinum,  in  horses,  causing  trial  dCc  coder  as 
in  South  America. 

Trypanosoma  Theileri,  in  cattle,  producing  t lie  galziekti 
in  South  Africa. 

Although  but  little  evidence  is  at  hand,  the  weight  of 
opinion  is  against  any  possibility  of  the  transmission  of 
these  species  to  man. 

Some  structural  features  of  the  genus  Trypanosoma 
s.  str.  need  brief  mention.  The  lancet-shaped  body  (Fig. 
5169,  a)  shows  a finely  granular  endoplasm  and  a distinct 


Fig.  5169.— Trupanosoma  Lewisi.  a.  Adults  with  erythrocyte,  from 
stained  preparation.  X 1.000.  b,  Multiplication  rosette,  less  highly 
magnified.  (After  Francis.) 


though  very  delicate  hyaline  ectoplasmic  layer.  The 
single  flagellum  arises  near  the  posterior  end  in  cornier 
tion  with  the  highly  retractile  granule  variously  denom 


Protozoa. 
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inated  centrosome,  micronucleus,  and  nucleolus.  The 
flagellum  continues  along  the  body  as  the  thickened 
outer  margin  of  the  undulating  membrane,  and  projects 
free  from  the  anterior  end  of  the  animal.  The  prominent 


nucleus  occupies  a slightly  different  position  in  different 
species;  it  is  rich  in  chromatin  and  stains  deeply  in  pre- 
pared specimens. 

Three  types  of  reproduction  are  imperfectly  known; 
a typical  longitudinal  division,  a budding  said  by  Senn 
to  be  more  common,  and  a segmentation  or  multiple 
division  into  numerous  spores  ( ?)  arranged  in  rosettes 
(Fig.  5169,  b).  The  rosette  formation  is  regarded  by  some 
authors  as  the  result  merely  of  the  successive  division  of 
an  ordinary  individual  of  the  species.  These  rosettes  of 
enormous  size,  embracing  several  thousands  of  individ- 
uals, occur  characteristically  in  cultures  of  Trypanosoma 
Lewisi  (Fig.  5170).  Such  cultures  have  been  recently 
successfully  obtained  by  McNeal  and  Novy  in  a strictly 
pure  form,  and  have  been  maintained  for  somewhat  over 
a year.  The  great  importance  of  this  step  for  the  study 
of  the  pathogenic  activity  of  the  organism  and  of  the 
possible  protective  measures  in  combating  the  disease  is 
evident  at  once.  The  species  found  in  man  is 

Trypanosoma  gambiense  Dutton,  1902.  (Syn. : T.liomi- 
nis  1903 ; T.  Nepveu  Sambon  1903.)  Length  in  stained 
preparation  (Fig.  5171),  including  flagellum  0.018-0.025 
mm.,  width  0.002-0.0028  mm.  Free  part  of  flagellum 
about  one-tliird  of  total  length.  Anterior  end  attenu- 
ated along  flagellum,  posterior  end  roughly  conical,  very 
blunt.  Oval  macronculeus  just  anterior  to  centre  of 

body,  occupying 
entire  width  of  ani- 
mal. Near  poste- 
rior end  dark  spot, 
the  micronucleus 
(the  centrosome  of 
Laveran  and  Mes- 
nil),  and  just  ante- 
rior to  it  a large 
vacuole  well 
marked.  The  fla- 
gellum ends  at  the 
upper  edge  of  this 
vacuole.  The  first 
record  of  the  occur- 
rence of  a trypa- 
nosome in  man  is 
said  to  have  been 
published  by  Nep- 
veu  in  1891,  and 
again  in  1898.  The 
description  given, 
however,  is  too  scanty  to  admit  of  any  opinion  regard- 
ing its  general  character,  though  many  are  inclined  to 
interpret  it  as  a member  of  the  genus  Trypanosoma. 
This  species  was  discovered  in  1901  by  Dutton  in  the 


Tig.  5171.  — Trypanosoma  gambiense , 
with  erythrocyte,  drawn  from  stained 
preparation.  X about  1,900.  (After  Dut- 
ton.) 


blood  of  an  Englishman  in  government  employ  on  the 
Gambia  River.  The  case  was  under  observation  some 
time,  namely,  until  the  patient  died  in  January,  1903, 
and  manifested  the  following  clinical  features;  general 
weakness,  irregular  lapsing  fever  lasting  one  to  four 
days  with  apyrexial  periods  of  two  to  five  days,  some 
oedema,  injection  of  the  skin,  enlargement  of  the  spleen, 
constant  frequent  pulse,  and  hurried  breathing.  These 
symptoms  were  associated  with  no  definite  organic 
lesions. 

In  many  prepared  slides  and  fresh  blood  mounts  there 
were  found  no  malarial  organisms.  The  number  of  try- 
panosomes present  varied  from  one  to  fifteen,  but  in 
apyrexial  periods  none  were  detected  in  the  blood.  The 
parasite  usually  progressed  with  the  flagellum  in  front, 
but  occasionally  reversed  direction  for  a short  distance. 
In  slow  progression  wave-like  motions  start  in  the  flagel- 
lum and  are  communicated  to  the  undulating  membrane; 
in  rapid  motion  the  body  rotates  on  its  longitudinal  axis 
so  that  the  undulating  membrane  appears  as  if  spirally 
arranged.  In  one  instance  a mononuclear  leucocyte  was 
observed  which  had  partially  engulfed  a trypanosome, 
only  the  flagellum  and  a small  part  of  the  anterior  end  of 
the  body  remaining  free. 

In  films  of  blood  taken  from  a child  three  years  old  the 
parasite  was  discovered  again  and  associated  with  it 
malarial  organisms.  Annett  points  out  that  the  chronic 
character  of  the  disease,  the  rarity  of  the  parasites,  their 
apparent  absence  at  long  periods  from  the  peripheral 
circulation,  and  the  occasional  rise  in  temperature  favor 
confusion  with  malaria  in  diagnosis. 

Later  further  cases  of  the  malady  have  been  identified 
by  Dutton,  Manson,  and  others,  making  in  all  six  cases 
on  the  Congo  River  and  seven  on  the  Gambia,  which  are 
nearly  equally  divided  between  natives  and  Europeans. 
It  is  thus  evidently  not  rare  in  tropical  Africa,  as  Dutton 
found  his  seven  cases  in  somewhat  more  than  one  thou- 
sand examinations  in  Senegambia.  Two  investigators 
seem  to  have  identified  it  in  India  also,  and  it  may  be 
expected  to  occur  in  other  countries  as  well,  as  do  the 
corresponding  affections  of  domestic  animals. 

A final  most  recent  contribution  of  great  importance 
to  this  subject  has  been  made  by  Castellani,  who  found 
Trypanosoma  in  the  cerebro-spinal  fluid  of  natives 
afflicted  with  the  so-called  “sleeping  sickness.”  This 
hitherto  entirely  unexplained  disease,  epidemic  in  certain 
regions  of  Africa,  attacks  only  natives,  and  is  character- 
ized by  a drowsy  condition  culminating  in  deep  coma, 
with  an  all  but  universally  lethal  outcome  in  from  three 
to  twelve  months.  Hyperaemia  of  the  arachnoid  vessels 
is  the  only  known  pathological  feature.  Bacteriological 
investigations  have  remained  without  result,  and  the 
theory  of  Manson  that  the  cause  of  the  malady  lay  in  the 
presence  of  Filaria  perstans  has  already  been  referred  to 
in  another  article  ( Nematoda ).  Castellani’s  hypothesis 
has  been  greatly  strengthened  by  the  communication  of 
Bruce  to  the  Royal  Society  that  Trypanosoma  was  pres- 
ent in  the  cerebro-spinal  fluid  in  everyone  of  thirty-eight 
cases  of  sleeping  sickness  investigated  in  Ugunda,  and 
occurred  also  in  the  blood  in  twelve  out  of  thirteen  cases 
tested  on  this  point. 

This  species,  which  has  been  named  Trypanosoma 
Castellanii  (see  Sambon  in  Journal  of  Tropical  Medicine , 
July  1st,  1903),  closely  resembles  Trypanosoma  Brucei, 
but  is  said  to  differ  in  the  following  morphological 
peculiarities:  a more  or  less  rounded  anterior  extremity 
(posterior  extremity  of  most  authors,  but  this  species 
moves  with  the  more  rounded  extremity  foremost),  the 
centrosome  outside  the  vacuole  and  much  closer  to  the 
extremity,  the  larger  vacuole  placed  before  (?)  the  cen- 
trosome, the  longer  free  portion  of  the  flagellum  and 
fewer  granules  at  the  posterior  extremity. 

The  transference  of  the  parasite  is  probably  due  to 
some  blood  sucking  insect,  as  has  been  demonstrated  for 
other  species  of  Trypanosoma ; and  in  the  case  of  the 
sleeping  sickness,  Glossina  morsitans,  the  Tsetse  fly  has 
been  declared  responsible  by  Brumpt.  In  an  illuminating 
discussion  of  the  subject  he  shows  that  the  disease  is  ex- 
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traordinarily  widespread. among  fishermen  on  the  Congo, 
and  almost  unknown  among  people  in  the  vicinity,  who 
yet  do  not  visit  the  stream.  This  accords  with  the  habits 
of  the  Tsetse  fly,  which  occurs  on  the  river  in  immense 
swarms  and  is  not  found  a short  distance  away  from  it. 
The  freedom  from  this  disease  enjoyed  by  the  whites  can 
only  be  explained  on  the  basis  of  present  knowledge  as  a 
type  of  racial  immunity.  Recent  observations,  however, 
serve  to  arouse  suspicion  as  to  the  correctness  of  the 
assumption  itself. 

Although  the  morphological  differentiation  of  the  va- 
rious species  of  Trypanosoma  is  difficult,  not  to  say  im- 
possible at  present,  there  are  sufficient  grounds  in  the 
clinical  features  of  the  diseases  caused  by  them,  and  in 
other  physiological  data,  such  as  the  immunity  of  various 
host  species  to  certain  forms,  to  justify  the  acceptance 
of  their  specific  distinctness.  One  may  well  recall  the 
earlier  view,  that  only  one  form  of  malarial  organism  ex- 
isted, and  may  find  in  the  transport  by  Anopheles  of  dif- 
ferent species  of  Plasmodium  a case  parallel  to  that  of 
the  Tsetse  fly.  Whether  the  latter  host  affords  the  op- 
portunity for  the  development  of  a special  phase  in  the 
life  cycle  of  the  trypanosome  is  as  yet  purely  a matter  of 
conjecture. 

The  family  of  the  Bodonidoe  would  not  call  for  any 
discussion  here  were  it  not  for  the  frequence  with  which 
certain  species  have  been  assigned  a role  as  parasites  of 
man.  The  form  which  has  most  frequently  been  men- 
tioned in  this  connection  is 

Cystomonas  urinaria  (Kunstler  1883). — (Syn. : Bodo 
urinarius  Kunstler  1883 ; Cystomonas  urinaria  Blanchard 
1886;  Plagiomonas  urinaria  Kunstler  of  Braun  1895.) 
Shaped  like  a beet  root  (Fig.  5172),  0.01  mm.  long,  0.004- 
0.005  mm.  broad,  the  broad  anterior  end  notched,  the 
posterior  end  in  the  form  of  a long  slender  filament.  N u- 
cleus  anterior ; two  similar  flagella  originate  from  ante- 
rior notch. 

In  1856  Hassall  described  an  infusorian  which  he  had 
observed  in  alkaline  urine  that  had  stood  some  time  open 
to  the  air.  It  was  subsequently  found  in  fifty  samples 
of  urine  from  various  sources  left  open  similarly,  suffi- 
cient proof  of  the  contamination.  In  1883,  however, 
Kunstler  reported  a form  under  the  same  name  from 
fresh  urine,  which  was  accordingly  attributed  to  the 
urinary  passages.  Blanchard  held  this  to  be  in  reality  a 
new  species  and  renamed  it,  bringing  it  in  connection 
with  a form  described  by  Salisbury  as  Trichomonas  irregu- 
laris. Braun  re- 
gards the  latter  as 
rather  Tr.  vagina- 
lis, and  distinct 
from  the  former, 
Fig.  5172. — Cystomonas  urinaria.  Magni-  for  which  he  in- 
fled.  (From  Braun,  after  Kunstler.)  dines  to  the  view 

that  it  was  actu- 
ally a contamination.  This  is  the  more  probable,  as  Th. 
Barrois  found  many  flagellates  in  “ freshly  voided  ” urine 
in  Lille,  when  subsequent  examination  yielded  no  trace 
of  these  parasites  in  urine  of  the  same  patients.  Evi- 
dently the  presence  of  such  forms  in  human  urine  is  be- 
yond question,  but  their  origin  from  the  human  urinary 
passages  is  yet  to  be  demonstrated.  That  all  such  cases 
require  the  most  searching  examination  is  evinced  by  a 
recent  experience  of  my  own,  in  finding  objects  which 
were  probably  much  contracted  rotifers  in  preparations 
made  from  “ absolutely  fresh  ” urine. 

The  order  Polymastigina  includes  small  forms,  always 
non-colonial,  with  three  similar  flagella,  or  with  four  to 
eight  flagella  dissimilar  in  size  and  differently  located. 
Two  families  contain  parasitic  forms  and  are  distinguished 
as  follows : 

Body  with  three  or  four  flagella,  all  at  anterior  end 

Tetramitidae 

Body  with  four  to  six  flagella  on  anterior  end;  pos- 
terior end  either  with  two  flagella,  or  prolonged  into  one 
to  three  lobes Polymastigidaj 

In  the  Tetramitidae  are  included  species  of  elongated 
form  with  usually  pointed  posterior  end.  They  have  no 


Fig.  5173.  — Trichomonas  vagina- 
lis. a.  From  osmic-acid  prepara- 
tion; b,  living.  Magnified.  (After 
Blochmann.) 


cuticula,  or  pellicle,  hence  may  also  manifest  amoeboid 
movements.  One  of  the  flagella  may  be  represented  by 
an  undulating  membrane.  Only  one  of  the  genera,  Tri- 
chomonas, embraces  hu- 
man parasites.  The  di- 
agnosis of  the  genus  may 
be  given  briefly  as  fol- 
lows: 

Trichomonas  Donne.  — 

Generally  pyriform, 
with  anterior  end  round- 
ed or  almost  pointed. 

Posterior  end  moderately 
pointed.  Nucleus  near 
anterior  end,  vacuoles 
near  posterior,  no  con- 
tractile vacuole.  Either 
three  equal  flagella  from 
anterior  tip,  and  also  an 
undulating  membrane 
( Trichomonas  s.  str. ),  or 
with  three  equal  flagella 

directed  anteriad,  and  one  much  longer  extending  poste 
riad  from  the  same  point  of  insertion  (sub-genus  Tricho 
mastix). 

Trichomonas  vaginalis  Donne  1837. — Body  very  mobile, 
usually  pyriform  or  spindle-shaped  (Fig.  5173),  with 
posterior  end  sharply  pointed  and  anterior  end  more  or 
less  rounded.  The  posterior  tip  is  half  as  long  as  the 
rest  of  the  body.  Total  length  0.015-0.025  mm  At 
anterior  pole  originate  three  flagella  (four  according  to 
other  investigators)  of  equal  length,  and  an  undulating 
membrane  which  winds  spirally  about  the  body  to  the 
base  of  the  posterior  tip.  Plasma  finely  granular,  nu- 
cleus near  anterior  end;  posterior  to  it  according  to 
Blochman  two  longitudinal  rows  of  prominent  granules. 
Division  has  been  reported ; encystment  is  as  yet  unob 
served. 

This  species  is  present  in  females  where  vaginal  ca- 
tarrh is  associated  with  an  acid  reaction  of  the  secretion. 
It  has  been  found  in  girls  of  six  or  seven  years  and  in 
aged  women ; and  other  conditions  affect  its  presence  as 
little  as  age  save  that  menstruation,  alkaline  injections, 
or  other  conditions  which  alter  the  reaction  of  mucus 
result  in  its  disappearance  temporarily  at  least.  A low 
temperature  (15°  C.  or  less)  is  also  fatal  to  its  existence. 
Dock  and  others  have  demonstrated  the  presence  of  this 
species  in  the  urine  of  males;  the  infection  doubtless 
resulted  from  intercourse  and  was  made  possible  by  an 
already  abnormal  condition  of  the  male  urethra,  as  was 
shown  in  the  cases  under  discussion.  Dock  was  unsuc- 
cessful in  infecting  guinea-pigs  and  dogs,  and  the  means 
of  transference  from  one  female  to  another  is  unknown. 
According  to  Hausmann  thirty  to  forty  per  cent,  of 
females  are  infected.  The  parasites  are  easily  demon 
strated  in  the  vaginal  mucus,  where  they  move  slowly 
about  among  epithelial  fragments  and  mucous  corpuscles ; 
but  for  successful  demonstration  the  urine  must  be  ex- 
amined as  soon  as  passed.  Whether  their  relation  to  the 
vaginal  catarrh  is  primary  or  secondary  remains  entirely 
undecided. 

Trichomonas  intestinalis*  (R.  Leuckart  1879).  — (Syn  . 
Protoryxomyces  coprinarius  Cunningham  1881 ; Monocer- 
comonas  hominis  Grassi  1882;  Cimcmomonas  hominis 
Grassi  1882;  Trichomonas  liominis  Grassi  1888;  Ccrcomo- 
nas  coli  hominis  May  1891;  Monocercomonas  hominis  Ep- 
stein 1893.) 

Very  similar  to  Tr.  vaginalis  but  smaller,  measuring 
0.004-0.015  mm.  in  length  and  0.003-0.004  mm.  in 
breadth,  without  rows  of  granules;  posterior  end  more 
sharply  set  off  and  measuring  only  one-third  the  length 
of  the  body.  Three  flagella,  the  free  edge  of  the  undu 
lating  membrane  has  sometimes  been  interpreted  as  a 
fourth.  Otherwise  as  in  Tr.  vaginalis,  although  the  spe- 
cies has  not  been  carefullv  investigated.  Kruse  and  Pas 


* This  form  of  the  name  is  probably  incorrect,  but  ns  the  synonymy 
is  badly  confused  I have  retained  it  pending  revision  by  some 
specialist. 
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quale  observed  groups  of  individuals  which  may  have 
arisen  by  division.  Before  copulation  this  species  loses 
its  flagella  and  creeps  about  with  bluntly  lobose  pseudo- 
podia. This  species  is  ordinarily  identified  as  the  Cerco- 
monas  hominis  of  Davaine  (1854)  and  the  C.  inteslinalis 
of  Lambl  (1875),  but  recent  studies  have  demonstrated 
the  individuality  of  this  from  the  two  cited.  There  also 
is  a tendency  at  present  to  reduce  this  form  to  Tr.  vagi- 
nalis, with  which  it  agrees  closely,  and  only  an  exact 
study  can  decide  the  question.  In  the  uncertainty  I re- 
gard it  as  more  practical  to  retain  both  species,  though 
they  are  at  least  closely  related. 

Tr.  intestinalis  parasitizes  in  the  anterior  and  middle 
regions  of  the  human  alimentary  canal,  and  has  been  re- 
peatedly found  in  various  parts  of  the  world.  It  occurs 
also  in  the  oral  cavity  in  decaying  teeth,  where  it  nour- 
ishes itself  on  micrococci.  It  has  been  reported  also  fre- 
quently from  diseased  conditions  associated  with  diar- 
rhoea, such  as  typhoid,  cholera,  intestinal  catarrh,  gastric 
carcinoma,  and  once  in  pulmonary  gangrene.  The  spe- 
cies lives  only  in  fluids  of  an  alkaline  reaction.  Its  oc- 
currence in  the  dejecta  of  healthy  adults  has  been  taken 
to  indicate  a commensal  rather  than  a parasitic  habit; 
but  it  at  least  multiplies  rapidly  in  connection  with  mor- 
bid processes,  and  this  may  exercise  an  important  influ- 
ence on  the  progress  of  the  disease.  An  etiological 
significance  cannot,  in  the  present  state  of  knowledge,  be 
attributed  to  this  species;  yet  the  experiments  of  Epstein 
showed  that  an  infection  is  apparently  produced  by  drink- 
ing-water and  followed  by  diarrhoea  in  children.  Experi- 
mental infection  of  animals  has  not  yet  succeeded,  and 
the  presence  of  this  species  in  the  oral  cavity,  both  in 
health  and  in  disease,  points  to  possible  transport  of  un- 
known encysted  forms  by  the  air. 

Some  accounts  referred  to  supposable  new  species  more 
probably  concern  this.  Such  are  the  forms  described  by 
Steinberg  from  the  oral  cavity  as  Tr.  elongata,  Tr.  cau- 
data,  Tr.  flagellata,  as  well  as  perhaps  also  Cercomonas 
biflagellata,  together  with  the  Tr.  pulmonalis  of  Schmidt 
and  Artault  from  sputa  or  contents  of  a pulmonary  cyst. 

The  family  Polymastigidae  contains  small  biaxial  or 
bilateral  forms  with  two  or  three  flagella  on  either  side 
or  near  the  anterior  end,  while  the  posterior  end  is  lobed 
or  provided  with  two  further 
flagella.  Only  one  genus  con- 
tains human  parasites. 

Lamblia  Blanchard. — At  an- 
terior tip  one  flagellum  on  each 
side,  and  near  the  centre  two 
on  either  side;  posterior  end 
with  two  additional  flagella. 
A concave  sucking  disc  (?) 
on  ventral  surface  near  an 
terior  end.  Nucleus  dumbbell 
shaped. 

Lamblia  duodenalis  (Davaine 
1875). — (Syn. : Cercomonas  in- 
testinalis Lambl  1859,  nec  1875 
nec  Perty  1852 ; Hexamitus 
duodenalis  Davaine  1875;  Di- 
morphus  muris  Grassi  1879; 
Megastoma  entericum  Grassi 
1881 ; M.  intestinale  R.  Blanch- 
ard 1886;  Lamblia  intestinalis 
R.  Bl.  1888;  L.  duodenalis 
Stiles  1902.) 

Length  0.01-0.016  or  0.021 
mm. ; maximum  breadth  0.005- 
0.007  or  even  0.012  mm.,  with 
Fig.  5174.  — Lamblia  duodc-  eight  flagella  nearly  equal  in 
fiMZ  length  (0.009-0.014  mm.)  In 
bined  sketch.  After  Metz-  form  bilaterally  symmetrical 
ner.)  (Fig.  5174).  In  ventral  aspect 

it  is  rounded  anteriorly  and 
prolonged  posteriorly  into  a very  mobile  steering  tail 
flattened  in  the  frontal  plane.  A shallow  cordiform  ex- 
cavation of  the  ventral  surface  near  the  anterior  end  cor- 
responds to  the  peristome  and  serves  as  an  organ  of  at- 


Fig. 5175.  — Lamblia  duodenalis.  a.  On  epi- 
thelial cells  of  intestinal  villus.  X 370.  b , 
single  cell  and  parasite.  X 1,070.  (After 
Grassi  and  SehewiakoH.) 


tachment;  its  margin  is  raised  and  contractile,  but  is 
interrupted  posteriorly;  all  flagella  point  posteriad; 
the  anterior  pair  follow  the  margin  half-way  around 
before  leaving  the  body ; the  lateral  pair  originate  near 
the  anterior  margin  in  the  peristome,  but  are  bound  to 
the  body  until  they  come  to  project  beyond  the  contour 
of  the  animal ; 
the  median 
pair  originate 
in  the  notch  of 
the  peristome 
margin  and 
are  vibratile 
through  their 
entire  length, 
being  the  chief 
organs  of  lo- 
comotion ; the 
caudal  pair  are 
inserted  at  the 
tip  of  the  body. 

The  dumbbell- 
shaped nucle- 
us lies  dorsal 
to  the  peri- 
stome. Contractile  vacuole  and  cytostome  are  wanting. 
Division  has  not  been  observed ; the  encysted  form  is 
oval,  with  heavy  transparent  wall,  and  measures  0.01 
mm.  in  length  by  0.007  mm.  in  breadth.  Schaudinn  re- 
ports that  copulation  has  been  observed  and  is  followed 
by  encystment. 

This  species  was  first  reported  by  Lambl  from  the  de- 
jecta of  children  in  Prague.  It  has  been  reported  from 
Germany,  Italy,  Russia,  Sweden,  Egypt,  and  the  United 
States  from  the  human  host  in  which  it  seems  to  be  a 
frequent  parasite.  It  also  occurs  in  rat,  mouse,  dog,  cat, 
rabbit,  sheep,  and  certain  wild  species,  and  is  undoubted- 
ly a common  and  widely  distributed  parasite. 

Its  normal  seat  is  the  duodenum  or  jejunum,  rarely 
other  parts  of  the  canal,  where  it  sits  with  the  peristome 
applied  to  the  curved  outer  face  of  an  epithelial  cell  (Fig. 
5175)  on  the  villi.  Although  often  in  such  numbers  that 
apparently  every  cell  is  occupied,  yet  no  pathological 
effect  has  been  demonstrated  to  be  exercised  by  these 
parasites.  Normally  only  cysts  occur  in  the  colon  and 
feces,  but  in  diarrhceic  conditions  the  free  living  forms 
are  torn  loose  and  reach  the  exterior. 

Grassi  determined  by  experimental  auto-infection  that 
the  cysts  are  the  means  of  infection,  and  was  unable  to 
detect  in  himself  any  symptoms  incident  to  the  parasitism 
of  the  species.  It  is  probable  that  cereals,  or  prepared 
food  which  becomes  contaminated  by  rats  or  mice,  con- 
stitute the  ordinary  avenue  by  which  the  infection  of 
man  is  brought  about. 

The  class  Sporozoa  embraces  a series  of  groups  of  Pro- 
tozoa of  a consistent  parasitic  habit,  which  have  in  com- 
mon the  production  at  some  point  in  their  life  cycle  of 
numerous  descendants,  which  are  usually  covered  by  a 
firm  shell  and  accordingly  denominated  “spores.”  The 
enclosed  young  forms  may  be  single  or  manifold,  and  in 
special  cases  the  cyst  wall  may  be  lacking.  These  young 
forms  always  start  the  life  cycle  as  cell  parasites,  and  in 
all  but  rare  cases  alternation  of  generations  appears  in 
the  course  of  the  life  history.  All  forms  are  true  para- 
sites, and  all  subsist  only  on  fluid  nourishment  obtained 
by  osmosis. 

The  class  was  made  by  Leuckart  in  1879,  when  he 
brought  together  under  the  heading  Sporozoa  the  imper- 
fectly known  and  somewhat  isolated  groups  of  gregarines 
(Gregarinida),  the  psorosperm  sacs  of  Muller  (Myxospo- 
ridia),  the  oval  or  spherical  psorosperms  of  Eimer  (coc- 
cidia),  and  Rainey’s  or  Miescher’s  corpuscles  (Sarcospo- 
ridia).  Later  investigators  have  added  the  Microsporidia, 
Amoebosporidia,  and  Hsemosporidia,  and  have  been  able 
to  fill  up  the  gaps  in  the  knowledge  of  the  older  groups, 
so  that  the  association  of  these  forms  stands  on  a much 
clearer  and  firmer  basis.  This  is  especially  true  by  virtue 
of  the  recent  discoveries  concerning  the  life  cycles  of  va- 
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rious  forms  which  have  revealed  an  entirely  unsuspected 
complexity  and  interrelation  of  the  development  with 
the  parasitic  habit. 

In  the  majority  of  cases  two  types  of  reproduction 
alternate  in  the  life  history  of  the  organism,  and  this 
alternation  is  associated  with  different  factors  in  the 
biology  of  the  parasite.  The  first  type  subserves  the 
rapid  multiplication  of  the  parasite  within  the  host,  and 
is  appropriately  designated  by  Dofiein  multiplicative 
reproduction;  when  highly  developed  it  will  evidently 
transform  an  organism  harmless  because  insignificant 
into  an  abundant  destroyer  of  tissue  and  the  exciter  of 
disease.  This  may  be  observed  again  and  again  in  the 
account  of  this  group.  The  other  type  of  reproduction 
is  connected  with  the  spread  of  the  species,  the  infection 
of  new  hosts,  and  may  be  denoted  after  Dofiein  the  prop- 
agative reproduction.  Spore  formation  is  here  asso 
dated  with  all  sorts  of  secondary  or  collateral  structures 
which  assist  in  the  transport  of  the  spores,  their  protec- 
tion during  this  period,  and  their  attainment  of  the  new 
host.  The  morphology  of  the  propagative  reproduction 
constitutes  the  means  of  characterizing  the  major  sub 
divisions  of  the  Sporozoa;  the  multiplicative  reproduc- 
tion varies  often  widely  among  closely  related  forms. 

The  two  sub  classes,  Telosporidia  and  Neosporidia,  are 
distinguished  by  the  fact  that  the  former  produces  spores 
only  at  the  close  of  the  vegetative  period,  while  the  latter 
do  so  during  the  entire  period.  For  the  identification  of 
a sporozoon  a vegetative  stage  is  rarely  sufficient ; the 
form  and  number  of  the  spores  produced  during  the  prop- 
agative period  of  reproduction  are  characteristic. 

In  the  sub-class  Telosporidia  one  may  distinguish  two 
orders  on  the  basis  of  the  habit  of  the  parasites  and  the 
mode  of  fertilization  which  prevails.  Thus  in  the  Coc- 
cidiomorpha  the  vegetative  stage  is  permanently  intra- 
cellular, while  the  sexual  generation  may  be  so  only 
transiently.  The  fertilization  is  anisogamous,  i.e.,  the 
fusion  of  differently  formed  gametes.  In  the  Gregarin 
ida  on  the  other  hand,  the  vegetative  stage  is  intracel- 
lular only  at  the  start,  as  the  adult  organism  is  extracel- 
lular and  the  sexual  generation  also.  The  fertilization  is 
isogamous,  i.e.,  the  fusion  of  equal  and  similar  gametes. 
Under  the  order  of  the  Coccidiomorplia  are  included 
forms  which  until  recently  have  been  treated  as  much 
more  distinct.  But  more  careful  study,  particularly  of 
the  life  history,  has  shown  an  increasing  degree  of  like- 
ness until  they  are  now  included  in  the  same  order,  and 
mutally  opposed  to  the  Gregarinida  in  the  specific  cell 
parasitism,  and  in  a similar  alternation  of  generations  and 
of  hosts  in  addition  to  the  features  pointed  out  in  the  out- 
line of  the  system  given  above.  The  features  which  serve 
to  distinguish  the  two  sub-orders  of  the  Coccidiomorpha 
are  these;  The  Coccidia  produce  sporozoites  encased  in 
sporocysts,  with  the  exception  of  Legerella , the  copula  is 
non-motile  and  remains  in  the  cell.  In  the  Haemosporidia 
the  sporozoites  are  always  free,  the  copula  is  an  active 
ookinet,  and  migrates  to  a new  location  before  undergo- 
ing further  development. 

The  adult  Coccidia  occur  as  parasites  in  epithelial 
cells,  particularly  of  the  alimentary  canal  and  its  adnexa, 
though  the  excretory  organs,  the  male  sexual  organs,  and 
most  recently  the  spleen  are  also  reported  as  affected. 
While  the  protoplasm  of  the  host  cell  is  ordinarily  the 
seat  of  the  parasite,  there  are  not  wanting  such  as  occur 
in  the  nucleus  itself.  Only  rarely  is  more  than  a single 
parasite  found  in  an  epithelial  cell. 

In  form  the  Coccidia  are  uniform  and  constant,  being 
spherical,  oval,  or  elliptical,  and  without  organs  of  loco 
motion  of  any  sort  or  organs  of  attachment.  Their  size 
is  regularly  insignificant.  A noteworthy  characteristic  is 
the  absence  of  differentiation  into  ectoplasm  and  endo- 
plasm. The  plasma  of  the  cell  is  finely  granular,  alveo- 
lar, and  without  reserve  bodies  or  food  vacuoles.  The 
nucleus  is  large,  vesicular,  and  characterized  by  a single 
prominent  central  nucleolus.  No  contractile  vacuole  is 
present,  and  no  further  structural  differentiations  can  be 
noted.  The  cell  and  nucleus  increase  gradually  in  size 
at  the  expense  of  the  host  cell,  which  ultimately  in  most 


cases  degenerates  to  a mere  empty  membrane  encircling 
the  coccidium. 

The  nucleus  of  the  now  full-grown  parasite  undergoes 
multiple  division,  the  protoplasm  arranges  itself  in  in 
dividual  masses  about  the  many  daughter  nuclei,  and 
there  results  a stage  in  which  a rosette  of  young  forms 
(Fig.  5176)  encircles  a central  portion  of  protoplasm, 
known  as  the  reliquary  body  or  residual  mass.  This  is 
without  nuclear  matter  and  destined  to  play  no  further 
part.  It  is  left  behind,  and  perishes  when  the  young 
forms  wander  out  to  infect  new  epithelial  cells  of  the 
same  host,  and  repeat  the  process  just  sketched.  This 
is  evidently  the  multiplicative  reproduction  already  re- 
ferred to.  It  serves  to  effect  the  auto-infection  of  the 
host,  and  is  generally  known  as  the  period  of  asexual 
reproduction  or  schizogony.  The  cell  parasites  which 
undergo  these  changes  are  schizonts,  while  the  young 
forms  are  denominated  merozoites.  The  merozoites  are 
capable  of  active  movements  by  contraction  and  twist- 
ings, or  with  a gliding  movement,  in  which  a trail  of 
mucus  is  left  behind.  The  growth  of  merozoites  to 
schizonts  in  the  epithelial  cells,  the  production  of  new 
merozoites,  and  the  infection  of  new  cells  proceed  often 
with  considerable  rapidity,  but  only  within  certain  limits, 
for  a new  type  of  reproduction  intervenes. 

In  this  which  regularly  begins  under  the  pressure  of 
excessive  infection  of  the  host,  the  merozoites  develop 
not  to  schizonts,  but  to  forms  of  two  sorts,  which  at  first 
sight  are  very  similar  to  schizonts, 
and  but  little  different  from  each 
other.  The  one  form  is  opaque  with 
a richly  granular  plasma;  the  other 
has  a clear  but  dense  plasma.  The 
opaque  form  is  the  female  gamete,  or 
macrogamete,  and  attains  maturity 
by  the  rejection  of  a portion  of  its 
nuclear  substance.  The  clear  cell, 
known  as  a microgametocyte,  under- 
goes multiple  nuclear  division.  The 
many  nuclei  produced  then  migrate 
to  the  surface,  each  collects  a small 
part  of  the  plasma  about  itself,  and 
projects  as  an  elongated  spindle- 
shaped  structure,  the  microgamete 
or  male  cell,  which  becomes  free, 
forms  two  flagella,  and  enters  upon  active  locomotion. 
The  major  portion  of  the  microgametocyte  is  aban 
doned,  and  subserves  no  further  function. 


Fig.  5176.  — Eimeria 
Stic  die.  Adult 
Scbizont  Completely 
Divided  into  Mero- 
zoites. Cyst  formed 
of  degenerated  host 
cell  is  not  repre- 
sented. Magnified. 
(After  Simond.) 


The  microgametes  swarm  about  the  macrogametes,  and 
as  soon  as  one  has  succeeded  in  entering,  the  macroga 
mete  forms  at  once  a firm  membrane,  which  forbids  en 
trance  to  other  microgametes.  The  two  nuclei  unite  and 
the  act  of  fertilization  is  completed.  The  product  is 
known  as  an  oocyst,  copula,  or  sporont,  and  forms  the 
starting-point  of  a new  period  in  the  life  cycle,  which  is 
that  previously  designated  as  the  propagative  reproduc- 
tion. It  is  also  known  as  the  sexual  spore  forming 
period,  or  sporogony,  and  in  most  coccidia  takes  place 


Fig.  5177. — Eimeria  hominix,  Sporogony.  a.  b,  Oocyst;  r,  sporo- 
blasts  with  residual  mass;  A,  sporocysts  with  contained  sporozoites. 
Magnified.  (From  Braun  after  Riek.i 


outside  of  the  host,  after  the  oocyst  has  been  evacuated 
in  faicesor  urine.  The  steps  in  the  process  of  sporogony 
may  be  outlined  next  in  general  terms  (Fig.  5177) 

The  nucleus  of  the  oocyst  (</)  divides  twice,  und  about 
the  four  daughter  nuclei  the  protoplasm  separates  into 
four  parts  known  as  sporoblasts  ( b ),  and  sometimes  also 
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a residual  mass  of  protoplasm  (c).  Each  of  these  sporo- 
blasts  surrounds  itself  with  a firm  membrane  and  becomes 
a sporocyst  (cl),  while  later  within  each  sporocyst  after 
nuclear  division  two  sporozoites  are  formed  and  a residual 
mass  of  protoplasm  is  left  unused.  The  sporozoites  are 
characteristically  sickle-shaped  or  crescentic,  and  aban- 
don the  sporocyst  when  this  reaches  the  alimentary  canal 
of  the  new  host,  and  is  opened  by  the  action  of  the  ali- 
mentary secretions.  The  entrance  of  the  sporozoites  into 
the  epithelial  cells  and  their  growth  to  schizonts  com- 
pletes the  life  cycle. 

This  typical  course  of  development  is  well  represented 
by  the  tabular  outline  given  by  Liihe  and  reproduced 
here.  The  stages  connected  by  a single  vertical  line  ( | ) 
are  successive  generations  in  the  life  cj'de ; those  con- 
nected by  the  sign  of  equality  (=)  are  produced  by 
growth  or  metamorphosis  within  the  single  generation. 


is  not  in  the  interest  of  precision,  and  may  evidently  lead 
to  serious  misunderstanding.  Henceforth  the  name  coc- 
cidia  can  be  used  only  in  the  more  general  sense. 

The  genus  Eimeria  is  the  best  known  of  all.  Its  most 
important  characteristic  is  the  formation  in  each  oocyst 
of  four  sporocysts,  each  with  two  sporozoites.  A resid- 
ual mass  of  protoplasm  is  always  present  in  the  sporo- 
cyst with  the  sporozoites,  and  a similar  residual  mass  is 
sometimes  formed  in  the  oocyst  with  the  growth  of  the 
sporoblasts.  Of  the  many  species  assigned  to  this  genus, 
the  most  important  and  better  known  forms  which  are 
pathologic  to  man  and  some  domestic  animals  are  in- 


cluded in  the  following  key: 

1.  Oocyst  with  residual  mass 2 

1.  Oocyst  without  residual  mass 3 

2.  Oocyst  oval,  33-49 pc  by  16-28 y;  sporocyst  spindle- 

shaped  (rabbit,  man) E.  Stiedce  (Lind.) 


Development  op  Eimeria. 


Schizogony 

J 

Sporozoite 

= Schizont. 

(oft  repeated). 

( Merozoite  = Schizont. 

Merozoite  = Schizont. 

Merozoite  = Schizont 

Merozoite  = ? Macro- 
gametocyte. 

Merozoite  = $ Micro- 
gametocyte. 

Merozoite  = ? Macro- 
gametocyte. 

Merozoite  = $ Micro- 
gametocyte. 

Merozoite  = Schizont 

j 

etc. 

(Schizogony  soon 
ceasing) . 

= ? Macrogamete. 

$ Microgamete. 

= ? Macrogamete. 

$ Microgamete. 

1 

etc. 

(Schizogony  soon 
ceasing). 

( 

Copula  = Sporont  (Oocyst). 
I 

Sporogony. 

Sporoblast 

= Sporocyst. 

Sporozoite  = Schizont. 


This  general  plan  of  development  is  modified  in  the 
individual  species  in  various  manner.  The  most  striking 
modification  is  a simplification  by  suppression  of  the  en- 
tire scliizogonic  cycle,  so  that  the  macrogametes  and  mi- 
erogametocytes  arise  directly  from  the  sporozoites  which 
have  penetrated  epithelial  cells. 

The  coccidia  parasitize  almost  all  groups  of  the  animal 
kingdom,  and  are  distributed  over  the  entire  world,  al- 
though, as  might  be  expected,  the  majority  of  reports 
thus  far  made  concerning  their  presence  come  from  Euro- 
pean countries. 

For  the  subdivision  of  the  group  Leger’s  proposal  to 
use  the  number  and  form  of  the  sporocysts  and  of  the 
sporozoites  has  been  generally  adopted.  The  adjoined 
table  gives  a review  of  the  common  genera  arranged  ac- 
cording to  Leger’s  scheme. 


2.  Oocyst  spherical  or  cylindrical,  15-32  pc  by  11-17  fi ; 

sporocyst  oval  (mouse) E.  falciformis  (Schuberg) 

3.  Simple  forms.  Oocyst  oval  to  cylindrical,  24-35  pc 

by  13-20  pc E.  liominis  (Riv.) 

3.  Twin  forms E.  bigeviina  (Stiles) 

Eimeria  Stiedce  (Lindemann  1865). — (Syn. : Monocystis 
Sliedm  Lindemann  1865;  Psorospermium  cuniculi  Rivolta 
1878;  Coccidium  oviforme  Leuckart  1879;  C.  cunicvli 
Raillet  1893 ; Pfeifferia  princeps  Labbe  1896 ; Pfeifferella 
princeps  Labbe  1899.  Eimeria  cuniculi  Liihe  1902.) 

All  stages  are  known.  Oocyst  (Fig.  5178)  in  the  liver 
of  rabbit,  oval  0.033-0.049  mm.  long,  0.015-0.028  mm. 
broad.  Cyst  wall  heavy,  smooth,  with  opening  at  one 
pole.  The  coarsely  granular  protoplasm  completely  fills 
the  cyst,  but  later  contracts  to  a spherical  mass  at  the 
centre  (0.017  mm.  in  diameter).  Spore  formation  outside 


Ripe  oocyst  contains 


Numerous  sporozoites 

- 

j Eight  sporozoites 

l Four  sporozoites 


No  sporocysts. 

Asporocystidea 

{One  sporozoite  . . 

Three^Dorozoftes 
Four  sporozoites? 

Two  sporocysts  each  with  four  sporozoites. 

Disporocystikea 

Four  sporocysts  each  with  two  sporozoites. 

Tetrasporocystidea 

Two  sporocysts  each  with  two  sporozoites 


Legerella. 

Barroussia. 

Adelea. 

Eueoccidium. 

Klossia. 

, Isospora. 

Eimeria. 

.Cyclospora. 


Some  confusion  has  prevailed  regarding  the  correct 
names  of  the  various  genera.  The  original  cause  of  this 
difficulty  rests  on  the  fact  that  the  two  phases  of  the  life 
cycle,  schizogony  and  sporogony,  were  discovered  and 
named  separately,  and  that  their  relations  as  parts  of  the 
development  of  a single  species  did  not  become  known 
until  a much  later  date.  All  of  the  human  parasites  thus 
far  recorded  from  this  group  fall  within  the  limits  of  a 
genus  named  Coccidium  by  R.  Leuckart  in  1879,  and  this 
name  has  been  generally  incorporated  into  works  on  the 
subject.  At  a very  recent  date,  however,  Stiles  and 
Liihe  have  independently  called  attention  to  the  fact  that 
the  name  Eimeria,  introduced  in  1875  by  Aime  Schneider, 
has  the  right  of  priority,  and  must  replace  the  more  com- 
mon form  according  to  laws  of  zoological  nomenclature. 
This  is  really  fortunate  from  the  general  standpoint  since 
the  name  coccidia  has  been  very  generally  used  for  the 
entire  group  as  well  as  heretofore  for  the  genus;  yet  this 


the  host  requires  two  to  three  weeks.  The  entire  sphere 
divides  into  four  sporocysts  each  with  a thick  covering 
and  with  a length  of 
0.012  to  0.015  mm. 
and  a breadth  of  0.007 
mm.  Two  comma- 
shaped  sporozoites 
are  formed  in  each 
sporocyst,  and  a 
granular  residual 
mass  of  protoplasm 
lies  in  the  hollow  be- 
tween their  enlarged 
ends  (Fig.  5179).  The 
sporozoites  are  set 
free  by  gastric  diges- 
tion. They  ascend 
the  gall  ducts,  pene- 


a b c 

Fig.  5178 .—Eimeria  Stiedcc.,  Sporogony 
from  Liver  of  Rabbit,  a.  Young  oocyst; 
b,  same  with  protoplasm  contracted  pre- 
paratory to  division ; c,  same  divided 
into  four  sporocytes.  each  containing 
two  sporozoites  which  have  already 
developed.  Magnified,  (a,  b , after 
Leuckart ; c,  after  Simond.) 
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trate  the  epithelial  cells,  and  when  fully  grown  measure 
0.02-0. Oh  mm.  in  length  by  0.02-0.0:19  mm.  breadth. 
They  divide  into  from  30  to  200  merozoites  (Fig.  5176) 
which  spread  the  infection. 

Ultimately  the  formation  of 
macro-  and  microgametes 
leads  to  the  fertilized  spo- 
ront  stage,  the  oocyst. 

This  species  is  an  abund- 
ant parasite  of  the  rabbit,  in 
which  it  parasitizes  in  the 
epithelium  of  gall  ducts  and 
liver.  According  to  the  de- 
gree of  infection  sooner  or 
later  inflammation  and  pro- 
liferation of  the  epithelium 
lead  to  the  formation  of 
nodules  of  caseous  matter, 
containing  amid  various 
remnants  coccidia  in  all 
stages  of  development.  These  conditions  may  lead  to 
severe  sickness  or  even  to  the  death  of  the  host;  in  other 
cases  the  animal  recovers  as  the  process  of  schizogony 
appears  to  have  distinct  self-limitations.  The  infection 
is  spread  by  the  contamination  of  food  with  spore-in- 
fected faeces. 

Several  cases  of  human  infection  are  on  record.  Evi- 
dently conditions  favor  such  infection  only  rarely.  To 


Fig.  5180.— Eimeria  bigemina , Sporogony.  a,  h,  c,  Division  into 
two  masses ; d,  e , formation  of  sporoblasts  with  residual  mass. 
Highly  magnified.  (After  Stiles.) 

the  four  positive  cases  cited  by  Leuckart,  all  in  Germany 
and  Austria,  Silcock  has  added  another  from  London. 
A number  of  doubtful  cases  are  also  included  here  by 
some  authorities.  The  observations  of  Thomas  in  Bos- 
ton, according  to  which  this  species  was  found  in  a small 
cerebral  tumor  surrounded  by  bone  tissue,  has  little  to 
support  the  diagnosis  in  view  of  the  normal  condition  of 
the  liver  and  intestine,  and  has  been  universally  ques- 
tioned by  reviewers.  In  any  event  the  supposed  coccidia 
cannot  belong  to  this  species,  or  any  other  yet  reported 
from  man,  on  account  of  their  size  (0.014-0.022  mm.  in 
length).  They  correspond,  however,  in  size  nearly  to 
the  coccidia  reported  by  Stiles  from  sheep  which  belong 
to  a species  as  yet  unnamed.  More  probably  they  are 
not  coccidia  at  all. 

Eimeria  hominis  (Riv.  1878),  nec.  R.  Blanchard  1895. — 
[Syn. : Cytospermium  hominis  Rivolta  1878;  Coccidimn 
perforans  R.  Leuckart  1879;  C.  hominis  Railliet  1893; 
Pfeifferella  princeps  (Labbe  1899)  in  part.] 

Oocyst  (Fig.  5177)  0.024^0.026,  or  even  0.035  mm.  long 
by  0.0128-0.014  or  even  0.02  mm.  broad,  plumper  than 
those  of  E.  Stiedce,  from  which  also  they  differ  in  the 
constant  presence  in  sporulation  of  a residual  mass  of 
protoplasm  that  is  said  to  be  constantly  absent  in  the 
latter  species.  (Compare  Figs.  5177  and  5178.)  Here 
also  only  three  to  four  days  are  necessary  to  bring  the 
division  of  the  contents  of  the  oocyst  into  sporoblasts 
(sporocysts). 

This  species,  which  is  so  closely  related  to  E.  Stiedm 
that  many  authors  regard  them  as  identical,  parasitizes 
in  the  intestinal  epithelium  of  the  rabbit,  where  it  evokes 
serious,  often  fatal  epidemics.  Railliet  and  Lucet  have 
demonstrated  that  infection  takes  place  by  the  ingestion 


of  ripe  spores,  and  rapid  schizogony  brings  about  in  a 
few  days  serious  auto-infection  involving  the  epithelium 
and  Lieberkiihn’s  glands  so  as  to  occlude  the  latter.  The 
forms  found  in  horse,  goat,  cattle,  sheep,  pig,  and  other 
wild  species  are  usually  regarded  as  varieties,  but  the 
considerable  differences  in  form  and  size  make  it  more 
probable  that  some  at  least  represent  distinct  species. 

Eimer  found  in  two  bodies  examined  in  Berlin  the  epi- 
thelium of  the  intestine  filled  with  coccidia,  and  even  in 
large  part  destroyed  by  them.  These  are  probably  refer- 
able to  this  species.  Other  authors  have  reported  the 
discovery  of  coccidia  in  human  faeces  at  various  times 
without  furnishing  data  for  the  determination  of  the 
species  concerned. 

Eimeria  bigemina  (Stiles  1891). — (Syn. : Cytospermium 
rittorum  intestinalium  canis  et  felis  Rivolta  1874;  Cocci 
dium  bigeminum  Stiles  1891.) 

Oocyst  (Fig.  5180)  0.012-0.015  mm.  by  0.007-0.01  mm. 
(in  dog),  or  0.008-0.01  mm.  by  0.007-0.009  mm.  (in  cat), 
or  0.008-0.012  by  0.006-0.008  mm.  (in  polecat).  The 
oocyst  divides  into  two  parts,  each  of  which  encysts  and 
forms  four  sporocysts.  The  oocysts  occur  not  in  the  epi- 
thelium, but  in  the  central  tissue  of  intestinal  villi  (Fig. 
5181). 

The  species  was  first  seen  as  early  as  1854  by  Fink, 
who,  however,  misinterpreted  the  character  of  the  ob- 
jects. It  has  often  been  confused  with  E.  hominis,  from 
which  the  above  characteristics  easily  distinguish  it.  A 
case  of  human  infection,  published  by  Virchow  in  1860, 
and  another  by  Grunow  in  1901,  very  probably  belong 
here.  The  description  given  by  Railliet  and  Lucet  of 
coccidia  discovered  in  the  fteces  of  a mother  and  child 
who  had  long  suffered  from  chronic  diarrhoea  corresponds 
well  with  this  species  in  the  small  size  of  the  bodies 
found,  and  is  also  probably  referable  to  it.  The  form  is 
evidently  only  an  occasional  parasite  of  man,  and  infec- 
tion probably  results  from  lack  of  cleanliness  or  too  inti- 
mate association  with  pet  dogs  or  cats.  It  may  be  that 
the  forms  discussed  as  varieties  from  different  hosts 
actually  represent  different  species.  Stiles  has  found 
this  species  in  dogs  killed  in  Washington,  D.  C. 

It  is  not  surprising  in  view  of  the  imperfect  acquaint 
ance  with  this  group  that  all  sorts  of  questionable  struct- 
ures should  be  referred  to  it.  They  are  all  such  as  have 
been  reported  from  man  usually  in  connection  with  some 
abnormal  condition,  and  frequently  also  on  the  basis  of  a 
single  occurrence.  In  most  cases  only  scanty  data  are 
given  concerning  the  supposed  coccidia,  and  even  of  the 
best  known  of  these  problematic  structures  too  little  can 
be  said  to  determine  their  true  nature  or  position  in  the 
zoological  scheme.  It  is  best  to  call  attention  to  certain 
of  these  cases  briefly,  in  order  that  if  possible  further  data 
should  be  accumulated  to  elucidate 
their  real  character.  Perhaps  the 
most  sporozoon-like  of  all  are  bodies 
described  by  Rixford  and  Gilchrist 
from  two  cases  studied  at  the  Johns 
Hopkins  Hospital  in  1897 ; their 
characters  so  far  as  known  do  not 
easily  permit  of  their  classification 
in  the  coccidia  (s.  str.). 

Coccidioides  immitis  Rixford  and 
Gilchrist  1897. — (Syn.:  C.  pyogenes 
Rixford  and  Gilchrist  1897.) 

Unicellular  spherical  bodies  from 
0.007  to  0.035  mm.  in  diameter.* 

So-called  capsule  thick,  doubly 
contoured,  enclosing  a finely  granu- 
lar protoplasm  with  a clear  zone 
[ectosarc? |,  0.002-0.003  mm.  wide, 
between  capsule  [pellicle?]  and  con- 
tents. No  vacuoles  Seen;  nucleus  not  demonstrated. 
Position  of  parasites  usually  intracellular,  sometimes, 
however,  extracellular.  Sporozoites  [merozoites?]  ap- 


*Thc  authors  stive  the  size  of  the  adult  ip.  229>  as  15  to  27  n ; 
again  in  the  diagnosis  (p.  243)  as  18  to  30  m.  and  finally  in  their  sum- 
mary (p.  248)  as  7 to  27  m.  In  the  secoud  case  the  parasites  are  given 
as  20  to  35  ju  in  diameter. 


Fig.  5179.  — Eimeria  Stiedce.  a , 

b,  Sporocysts  each  with  two 
sporozoites  and  residual  mass ; 

c,  a single  sporozoite.  Highly 
magnified.  (From  Railliet, 
after  Balbiani.) 


bigemina  in  Trans- 
section  of  Villus 
from  Intestine  of 
Dog.  Highly  mag- 
nified. (After 

Stlli-s.  i 
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proximately  one  hundred  in  a capsule,  0.001-0.002  mm. 
long. 

Found  primarily  (?)  in  the  skin,  later  generally 
throughout  internal  organs  also.  Reported  from  Califor- 
nia and  Buenos  Ayres.  All  cases  reported  concern  males 
of  thirty  to  forty  years  of  age. 

In  the  first  case  the  disease  first  appeared  on  the  hack 
of  the  neck  and  spread  very  slowly,  causing  death  in 


Fig.  5182.— Development  of  PUismndium  inimaculatum.  A , E, 
G,  K,  Schizopony  in  human  blood ; F\  L , formation  of  gametes 
and  fusion  of  same;  M , S,  T,  sporogony  in  mosquito.  Somewhat 
diagrammatic.  For  further  details  see  text.  (After  Neveu-Lemaire.) 

about  ten  years.  It  was  only  very  slightly  contagious, 
if  at  all,  as  beyond  the  original  sores  new  lesions  appeared 
only  in  two  spots  on  the  patient’s  body,  and  none  of  those 
who  came  in  contact  with  him  are  known  to  have  become 
infected.  Some  inoculation  experiments  were  successful, 
but  no  cultures.  The  cutaneous  lesions  resembled  tuber- 
culosis cutis  in  character,  being  the  seat  of  genuine  case- 
ation or  coagulative  necrosis.  Both  to  the  naked  eye 
and  microscopically  the  nodules  were  indistinguishable 
from  tubercles  save  that  they  contained  the  protozoa  and 
did  not  contain  tubercle  bacilli.  In  the  opinion  of  the 
discoverers  this  seems  to  indicate  the  power  to  produce 
toxic  products  which  possess  pyogenic  properties,  caus- 
ing both  the  local  lesions  and  general  symptoms.  From 
the  fact  that  the  whole  alimentary  canal  and  mesenteric 
glands  remained  normal  throughout  the  course  of  the 
disease,  the  authors  exclude  the  supposition  that  the 
parasites  entered  the  system  through  the  digestive  tract. 
The  parasites  were  particularly  abundant  in  the  caseous 
foci,  and  occurred  in  far  greater  numbers  in  the  lesions 
of  the  internal  organs  than  in  the  cutaneous  lesions. 
Often  these  parasites  were  found  in  multitudes  in  giant 
cells.  They  were  searched  for  in  vain  only  in  the  mem- 
branes and  substance  of  the  brain. 


Another  case  was  reported  by  the  same  authors,  and 
like  the  first  occurred  in  a native  of  the  Azores,  who  had 
been  resident  in  California  for  a number  of  years.  The 
disease  was  acute  rather  than  chronic  as  in  the  first ; and 
was  very  destructive  as  the  patient  lost  both  eyes,  the 
nose,  and  much  of  the  lip,  and  one  ear  in  the  course  of 
three  months.  According  to  the  authors  the  parasite 
was  a different  species,  but  the  distinctions  are  insuffi- 
cient to  warrant  a separation  of  the  two  in  our  present 
state  of  knowledge.  The  authors  identify  with  their 
cases  a third,  reported  by  Wernicke  in  1892  from  Buenos 
Ayres.  Wernicke  gave  only  an  incomplete  description 
of  the  parasite,  and  regarded  the  cutaneous  affection  as  a 
mycosis  fungoides.  The  protozoa  he  found  measured 
from  7 to  30 in  diameter. 

There  are  other  reports  of  less  definiteness  than  those 
just  considered,  and  some  of  the  questionable  structures 
noted  therein  have  found  an  explanation  within  recent 
times.  Thus  the  psorospermcysts  of  Lubarsch  and  Rib- 
bert,  which  were  supposed  to  play  a part  in  diseases  of 
the  urinary  passages,  are  in  reality  metamorphosed  nests 
of  epithelial  cells  normally  found  in  the  urethra.  The 
structures  found  by  Kiinstler  and  Pitres  in  pleural  exu- 
date and  interpreted  by  Blanchard  as  a sporozoon, 
Eimeria  hominis  R.  Blanchard  1895,  I have  preferred  to 
interpret  as  Echinorhynchus  eggs  (Cf.  Nematodn,  page 
225).  More  uncertain  still  are  Severi’s  “monocystic  gre- 
garines”  from  the  lung  parenchym  of  a still-born  child. 
They  are  described  as  oval  in  form,  exceedingly  variable 
in  size  (0.003-0.03  by  0.0015-0.015  mm.),  covered  by  a 
thin  membrane,  and  either  free  or  in  epithelial  cells ; it  is 
difficult  to  interpret  them  in  any  satisfactory  manner. 
Some  of  these  doubtful  structures  are  discussed  as  ap- 
pendices to  the  next  sub-order,  the  Hiemosporidia,  to 
which  they  show  a certain  similarity. 

An  error  of  the  reverse  type  is  that  frequently  made  in 
the  past  of  diagnosing  eggs  of  parasites  as  coccidia. 
Thus  nematode  eggs  have  once  been  reported  as  coccidia, 
and  eggs  of  trematodes  many  times.  Were  it  not  for  the 
extremely  small  size  of  the  structures  described,  the  case 
of  J.  J.  Thomas,  noted  above,  concerning  coccidia  in  a 
brain  tumor  wrould  find  its  easy  explanation  in  this  same 
manner. 

The  Hsemosporidia,  like  the  Coccidia,  are  characteris- 
tic cell  parasites.  The  period  of  schizogony  or  multipli- 
cative reproduction  is  passed  in  the  blood  cells,  and  only 
very  exceptionally  in  the  cells  of  other  organs.  These 
stages  have  long  been  known,  and  with  them  a few  pre- 
paratory stages  to  the  sporogonic  cycle,  although  the  lat- 
ter have  been  entirely  incorrectly  interpreted  as  degene- 
rative changes,  etc.  So  far  as  is  known  this  sporogonic 
cycle  takes  place  only  in  the  body  of  another  host;  and 
for  the  Hremosporidia  of  mammals  and  birds  this  host  is  a 
blood  sucking  insect  in  which  the  process  of  sporogony 
is  carried  out  in  the  wall  of  the  alimentary  canal,  and  the 
sporozoites  collect  in  the  salivary  glands,  whence  they 
are  injected  by  the  act  of  biting  into  a new  host  to  start 
anew  the  scliizogonic  cycle.  The  close  relationship  of 
these  forms  to  coccidia  is  evident  from  a study  of  the  life 
history,  as  Doflein  indicates  most  aptly  in  calling  them 
coccidia  adapted  to  parasitism  in  the  blood  system. 

The  life  history  may  be  outlined  from  that  of  the  testi- 
vo-autumnal  parasite  (Fig.  5182).  The  earliest  stage  of 
the  parasite  which  occurs  in  the  ery throcytes  is  a minute 
amoeboid  body  (A)  which  increases  rapidly  in  size,  mani- 
festing considerable  amoeboid  activity  ( B-E ).  In  connec- 
tion with  the  growth  of  the  organism  particles  of  a black 
pigment  matter,  named  melanin,  are  stored  up  in  its  pro- 
toplasm (F,  G).  The  nucleus  of  the  parasite,  at  first  siu- 
gle,  begins  to  divide  rapidly  when  the  organism  has 
reached  its  maximum  size  and  the  daughter  nuclei  collect 
about  the  rim  of  the  organism  (II).  Radial  lines  of  divis- 
ion appear  in  the  protoplasm  (7),  and  the  whole  falls  into 
a group  of  young  germs  or  merozoites  (E)  about  a cen- 
tral residual  mass  of  protoplasm  loaded  with  the  pigment 
already  referred  to.  The  merozoites  infect  new  blood 
cells,  and  the  process  of  schizogony  is  repeated  until  con- 
ditions, as  yet  unknoAvn,  bring  in  a new  set  of  changes, 
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the  starting-point  of  another  cycle,  the  sexual  phase,  or 
sporogony. 

The  merozoites  develop  to  individuals  differently 
formed  from  the  schizontsand  of  two  sorts,  the  one  finely 
granular  and  opaque  (O"),  the  other  hyaline  in  appear- 
ance with  a few  conspicuous  pigment  granules  ((?'). 
These  forms  are  shaped  like  a bean  in  the  species  under 
consideration,  and  are  those  previously  designated  as 
half-moon  or  crescentic  bodies.  When  fully  grown  they 
desert  the  corpuscle  (IT,  IT)  assume  a spherical  form 
(T,  I").  The  macrogamete  extrudes  a portion  of  the  nu- 
clear substance  ( K ")  and  is  mature.  The  nucleus  of  the 
microgametocyte  divides,  the  parts  migrate  to  the  sur- 
face and  form  microgametes  by  a small  accumulation  of 
plasma  about  each  (IT),  leaving  a large  central  residual 
mass.  These  two  gametes  copulate,  their  nuclei  fuse, 
and  the  product  (31)  is  the  starting-point  of  the  sporogonic 
cycle,  the  sporont. 

The  changes  leading  to  the  perfection  of  the  sexual 
cells  take  place  only  after  the  blood  has  been  drawn  into 
the  stomach  of  the  new  host,  the  blood  sucking  insect. 
Abnormal  stimuli  may,  however,  bring  about  some  of 
the  changes,  as  in  cultures  of  malarial  blood.  The  copu- 
la acquires  an  amoeboid  form  ( N ) necessary  for  its  attain- 
ment of  a location  within  the  tissue  of  the  new  host. 
This  motile  stage,  which  has  been  denominated  the 
ookinet,  is  a gregarine-like  organism,  and  penetrates  an 
epithelial  cell,  where  it  transforms  itself  into  an  immo- 
bile spherical  oocyst  (0).  After  nuclear  division  there 
are  formed  in  the  oocyst  numerous  sporoblasts  (P,  Q), 
which,  however,  never  acquire  a heavy  membrane,  i.e., 
never  become  sporocvsts  as  in  the  coecidia.  Each  sporo- 
blast  gives  rise  to  a large  number  of  sporozoites  (11,  8), 
which  are  set  free  into  the  body  cavity  of  the  insect  host 
by  the  rupture  of  the  wall  of  the  oocyst.  They  collect 
as  the  result  of  an  evident  chemotactic  influence  in  the 
salivary  gland,  and  are  injected  into  a new  host  when 
the  insect  bites.  There  they  enter  the  erythrocytes  and 
the  life  cycle  begins  anew. 

The  organisms  included  in  this  sub-order  are  the  cause 
of  serious  diseases,  and  their  number  is  being  rapidly  in- 
creased by  the  investigations  of  most  recent  times.  Many 
doubtful  forms  have  also  been  placed  temporarily  under 
this  heading,  so  that  it  is  impossible  to  give  a synopsis  of 
the  genera,  or  to  fix  the  precise  limits  of  the  sub-order 
itself. 

Most  prominent  of  the  forms  which  are  included  here 
are  the  parasites  of  human  malaria.  Grassi  still  regards 


these  all  as  merely  varieties  of  one  species.  This  is  clear- 
ly doing  violence  to  the  ordinary  zoological  significance 
of  the  word.  On  the  other  hand,  several  investigators 
have  grouped  them  into  two  genera,  a plan  which  I my- 
self followed  in  an  earlier  paper.  Here  they  will  be 
treated  as  three  species  of  one  genus  in  accord  with  a 
recently  expressed  view  of  Schaudinn,  and  with  the 
known  facts  regarding  their  clinical  manifestations, 
structural  differences,  and  life  histories. 

The  genus  Plasmodium  includes  in  addition  to  these 
species  the  parasite  of  avian  malaria  also.  It  was  estab- 
lished in  1885  by  Marchiafava  and  Celli,  and  although 
the  name  is  employed  here  in  a sense  utterly  at  variance 
with  its  meaning  as  a term  in  general  scientific  use,  yet 
the  rules  of  zoological  nomenclature  call  for  its  retention. 
The  malarial  organism  was  first  seen  and  figured  by 
Klencke  in  1843  without  any  idea  of  the  significance  of 
the  structures  viewed.  Laveran  in  1880  was  the  first  to 
attach  etiologic  significance  to  the  structures  lie  described 
from  the  erythrocytes  in  cases  of  malaria.  A large  num- 
ber of  investigators  participated  in  the  gradual  elucida 
tion  of  the  schizogony  of  these  parasites.  It  was  1896 
however,  before  Manson  set  forth  distinctly  the  agency 
of  the  mosquito  in  transmitting  the  disease/  Just  a jrear 
later  Ross  actually  followed  for  the  first  time  the  fate 
of  the  parasites  of  avian  malaria  in  the  mosquito’s  stom- 
ach, and  their  development  up  to  the  infection  of  a 
new  host  by  the  sporozoites.  Ross’  observations  on 
avian  malaria  were  confirmed  soon  after  by  Grassi  and 
other  Italian  investigators  for  human  species  of  the 
malarial  parasite. 

The  complicated  terminology  in  this  group,  due  to  the 
continual  changes  introduced  by  various  investigators, 
renders  it  advisable  to  give  here  for  general  information 
the  table  prepared  with  such  success  by  Lillie,  which 
shows  the  correspondence  in  the  nomenclature  of  the 
chief  investigators  of  recent  date.  The  terminology  of 
Schaudinn,  which  is  followed  in  this  article,  has  been 
more  generally  adopted  than  any  other,  and  has  much  in 
favor  of  it  from  every  standpoint.  (See  table  below.) 

The  extensive  consideration  which  the  subject  has  re- 
ceived in  previous  articles  in  the  Reference  Handbook 
(compare  Malaria,  Mosquito  in  Relation  to  Human  Path 
ology,  Plasmodium  Malarias)  renders  it  necessary  hen- 
only  to  insert  a brief  diagnosis  of  the  three  species,  and 
refer  to  the  articles  noted  for  further  details. 

Plasmodium  malaria  (Laveran  1883). — (Syn. : Oscillaria 
malaria  Laverian  1883 ; Plasmodium  var.  quartana  Golgi 


Schaudinn, 
1899  and  Liihe, 
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1890;  Ilcemamceba  malarice  Grassi  et  Feletti  1892;  11. 
Laverani  var.  guartana  Labbe  1894 ; PI.  malarice  quarta- 
num  Labbe  1899.) 

Young  form  in  erythrocyte  small,  unpigmented;  move- 
ment slow ; pigment  in  coarse  granules,  first  visible  in 

about  twenty -four 
hours,  and  peripheral 
in  position.  Move- 
ment decreasing  until 
in  sixty  hours  after  the 
attack,  or  twelve  hours 
before  the  next,  the 
spherical  Plasmodia  fill 
almost  the  entire  cor- 
puscle.  Having 
reached  a diameter  of 
about  0.007  mm.  schi- 
zogony begins,  and 
nine  to  twelve  (rarely 
six  or  fourteen)  mero- 
z o i t e s are  formed 
which  are  very  regu- 
lar (Fig.  5183,  e).  The 
melanin  granules  move 
in  radial  lines  and  col- 
lect in  the  central  residual  mass,  from  which  the  mero- 
zoites  separate  themselves  in  seventy-two  hours.  The 
synchronous  release  of  these  germs  brings  another  par- 
oxysm at  this  time,  whence  the  name  of  quartan  fever  for 
the  disease  induced  by  this  species,  which  is  also  often 
designated  the  quartan  parasite.  The  gametes  are  few 
in  number,  spherical,  and  characterized  by  active  stream- 
ing in  the  protoplasm.  The  sporogony  of  this  species 
in  Anopheles  goes  on  at  a minimum  of  16.5°  C.,  and 
stops  before  the  maximum  of  30°  C.  is  reached.  Plas- 
modium malarice  is  found  farther  north  than  either  of 
the  other  human  malarial  parasites,  but  does  not  ex- 
tend into  the  tropics. 

Plasmodium  vivax  (Grassi  et  Feletti). — (Syn. : Ilcema- 
moeba  vivax  Gr.  etFel.  1892;  PI.  var.  tertiana  Golgi  1889; 
H.  Laverani  var.  tertiana  Labbe  1894;  PI.  malarice  terti- 
anum  Labbe  1899.) 

Young  stages  in  the  erythrocytes  are  very  active. 
Pigment  granules  are  fine,  and  light  brown  in  color. 
The  fully  grown  schizont  completely  fills  the  red  cor- 
puscle, which  is  usually  swollen  and  bleached  in  color. 
This  stage  measures  0.008-0.01  mm.  in  diameter,  and 
produces  fifteen  to  twenty  merozoites  in  schizogony, 
which  requires  for  its  completion  just  forty -eight  hours, 
whence  the  common  names  of  tertian  fever  and  tertian 
parasite.  The  pigment  forms  a solid  mass  in  the  centre, 
and  the  merozoites  form  a double  ring  about  it,  or  more 
frequently  an  irregular  mass.  Schizogony  occurs  pre- 
eminently in  the  spleen.  The  gametes  are  abundant  at  a 
certain  period,  of  spherical  form,  and  distinguished  from 


Fig.  5184.— Development  of  Plasmodium  vivax  in  Relation  to  Tem- 
perature Curve  of  Patient.  (After  Doflein.) 

the  scliizonts  above  all  in  the  form  of  the  pigment,  which 
is  in  coarse  granules  or  bacilliform  masses.  They  reach 
two  to  three  times  the  diameter  of  an  erythrocyte.  The 
sporogony  in  the  body  of  Anopheles  requires  eight  days 
at  a temperature  of  28°-30°  C. ; 17°  C.  is  the  minimum 
for  this  stage  of  development.  This  corresponds  to  the 


occurrence  of  the  disease  in  the  tropics  and  subtropics. 
The  relation  of  the  body  temperature  of  the  host  to  the 
development  of  the  parasite  is  well  shown  in  the  accom- 
panying diagram  (Fig.  5184). 

Plasmodium  immaculatum  (Grassi  et  Feletti). — (Syn. : 
Laverania  malarice  Gr.  et  Fel. 
rice  pra-cox  Gr.  et  Fel.  1892, 
nec.  H.prcecox  Gr.  et  Fel.  1890. 

Hoemamceba  immaculata  Gr.  et 
Fel.  1892;  Plasmodium  prcecox 
Doflein  1901.) 

This  is  the  smallest  of  all 
human  malarial  organisms. 

Fully  grown  schizonts  meas- 
ure only  0.005  mm.  in  diame- 
ter. Young  form  very  active ; 
pigment  moderate  in  amount, 
very  fine  in  peripheral  zone. 

The  schizont  may  also  remain 
unpigmented,  and  this  form 
has  been  regarded  as  a sepa- 
rate variety.  Multiple  infec- 
tion of  an  erythrocyte  is  not 
rare,  and  the  assumption  of  a 
signet-ring  form  is  very  com- 
mon. The  erythrocyte  shrinks 
during  the  growth  of  the  para- 
site. In  schizogony  seven, 
ten,  or  twelve  merozoites  are 
formed,  rarely  twelve  to  fif- 
teen, and  these  are  small,  being 
only  0.001-0.0015  mm.  in  di- 
ameter. The  length  of  the 
schizogonic  cycle  is  not  well 
determined,  as  the  process  takes  place  in  internal  or- 
gans, especially  the  spleen.  It  is  apparently  irregular, 
though  forty-eight  hours  seems  most  probable.  The 
gametes  are  crescentic  or  reniform,  and  originate  espe- 
cially in  bone  marrow.  Further  changes  have  been  most 
carefully  followed  in  this  species.  In  the  stomach  of 
Anopheles  these  crescents  become  spherical  (Fig.  5185) 
and  the  microgametes  are  formed  and  set  free.  The  fer- 
tilization is  completed  by  the  fusion  of  a single  micro- 
gamete with  a macrogamete;  and  the  resulting  motile 
ookinet  (Fig.  5186,  a)  penetrates  the  wall,  entering  first 


Fig.  5186.  — Plasmodium  immaculatum.  a , Ookinet  in  stomach  of 
Anopheles  claviger  thirty-two  hours  after  ingestion:  b,  trans- 
section of  stomach  with  partly  developed  oocysts  several  days  later. 
Magnified.  (From  Braun,  after  Grassi.) 

an  epithelial  cell  and  coming  later  to  lie  between  the  lay- 
ers of  the  wall  (Fig.  5186,  b).  The  oocyst  forms  no  spe- 
cial covering,  but  increases  rapidly  in  size.  Sporoblasts 
and  then  sporozoites  are  formed ; the  latter  have  a length 
of  0.014  mm.  and  a thickness  of  0.001  mm.,  and  are  pro- 
duced to  the  number  of  ten  thousand  in  a single  oocyst. 
After  the  rupture  of  the  latter  they  accumulate  in  the 
salivary  gland,  lying  in  the  secretion  either  within  the 
cells  or  in  the  duct  itself,  whence  they  are  expressed  in 
the  act  of  biting  (Fig.  5187). 

The  sporogony  requires  eight  days  at  a temperature  of 
28°-30°  C.,  and  18°  C.  is  the  minimum  temperature  for 
the  infection  of  Anopheles.  This  species  gives  rise  to  the 
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Fig.  5183.  — Plasmodium  malarice , 
Schizogony,  a,  5,  Growth  of  schizont ; 
c,  nuclear  division ; d,  formation  of 
merozoites ; e,  release  of  same  by 
destruction  of  erythrocyte,  residual 
mass  at  upper  side  of  group.  Magni- 
fied. (After  Bastianelli  and  Bignami.) 


1890;  Ilcemamceba  mala- 


Fig.  5185. — Plasmodium  im- 
maculatum ; Development 
in  Stomach  of  Anopheles 
claviger.  a,  Macrogamete 
with  remnant  of  erythro- 
cyte ; b,  same  one-half  hour 
after  ingestion  by  mosquito ; 
c,  microgametocyte  with 
remnant  of  erythrocyte ; d, 
same  one-half  hour  after 
ingestion,  the  nucleus  has 
divided  several  times ; e, 
microgametes  still  attached 
to  residual  mass  (so-called 
polymitus  stage).  Highly 
magnified.  (From  Braun, 
after  Grassi.) 
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malarial  fever  designated  assestivo-autunmal,  perniciosa, 
tropica,  etc.,  and  is  epidemic  only  in  the  tropics  and  sub- 
tropics. This  is  the  form  which  has  been  rated  as  a rep- 
resentative of  another  genus,  Laverania  miliaria,  by 


Fig.  5187.  — Section  Through  Dorsal  Sac  of  Salivary  Gland  from 
Anopheles  with  Groups  of  Sporozoites  of  Plasmodium  immacu- 
latum  both  in  gland  cells  and  in  duct.  Isolated  sporozoite  at  right 
more  highly  magnifled.  (.From  Lang,  after  Grassi.) 

many  observers.  While  its  separation  from  the  genus 
Plasmodium  is  perhaps  a convenience,  it  seems  hardly 
justifiable  on  scientific  grounds,  as  the  differences  be- 
tween it  and  the  other  species  are  not  of  generic  rank. 

Uncertain  Species. — According  to  the  work  of  certain 
investigators,  particularly  Celli,  there  exists  a true  quo- 
tidian malarial  parasite,  which  is  related  to  Plasmodium 
immaculatum,  although  smaller  and  completing  the 
schizogony  in  twenty-four  hours.  The  supposed  species 
is  found  in  Italy  particularly  in  summer  and  fall,  aud  is 
regarded  by  most  authors  as  at  most  a variety  of  PI.  im- 
maculatum. Still  other  forms  from  tropical  regions  have 
been  regarded  as  distinct  species  with- 
out sufficient  evidence  as  yet  for  this 
opinion. 

There  are  yet  other  liaematozoa  of 
which  it  may  be  said  that  their  exact 
relationship  has  not  been  sufficiently 
demonstrated  to  give  them  a definite 
place  in  the  system,  but  which  in  all 
probability  will  be  included  in  Ibis  sub- 
order, though  evidently  not  in  the  same 
genus  with  the  malarial  organisms  just 
described. 

In  this  connection  should  be  noted  the 
parasite  of  the  spotted  fever  or  tick 
fever  of  the  Rocky  Mountains,  a new 
disease  especially  virulent  in  the  valley 
of  the  Bitter  Root  River  in  Montana, 
where  it  has  been  known  for  twenty 
years,  but  present  apparently  also, 
though  in  milder  form,  in  other  parts 
of  Montana,  Idaho,  Wyoming,  Nevada, 
and  Eastern  Oregon. 

Wilson  and  Ohowning  were  the  first 
to  note  ovoid  intracapsular  bodies  in 
stained  blood  preparations,  and  to  de- 
termine that  in  fresh  blood  these  bodies 
manifest  amoeboid  movements.  These 
observations  have  been  confirmed  by 
later  investigators,  and  the  haematozoon 
is  regarded  by  all  as  probably  the  cause 
of  the  disease.  A brief  description  of 
the  organism  may  be  given  here. 

The  smallest  forms,  or  the  first  phase  of  Wilson  and 
Cliowning,  are  intracellular,  ovoid  bodies  and  measure 
0.0015-0.002  mm.  in  length  by  0.0005  to  0.001  mm.  in 
thickness.  They  resemble  slightly  young  schizonts  of 
malaria,  and  more  strongly  the  organism  of  Texas  fever 
of  cattle.  These  bodies  occasionally  change  position  in 


the  corpuscle,  and  according  to  Anderson  project  pseudo- 
podia  quite  rapidly.  Two  such  bodies  may  lie  in  a single 
corpuscle.  In  the  second  phase  the  bodies  are  solitary  in 
the  erythrocytes,  oval,  ellipsoidal  or  spherical  in  form, 
and  from  0.002  to  0.003  mm.  thick  by  0.003  to  0.005  mm. 
long.  This  phase  is  actively  amoeboid  with  the  formation 
of  pseudopodia  in  various  directions.  The  third  phase 
is  seen  in  pyriform  bodies  arranged  in  pairs  with  the 
pointed  ends  approximated,  and  in  rare  cases  distinctly 
united  by  a fine  thread.  This  form  is  not  amoeboid. 

Though  the  parasites  are  not  found  in  large  numbers 
in  the  circulating  blood,  onty  a few  being  present  in  each 
field  of  a preparation  of  freshly  drawn  blood,  yet  in  the 
capillaries  of  tissues  removed  at  autopsies  from  one  to 
five  per  cent,  of  the  erythrocytes  are  infected.  This  is 
marked  in  the  lung,  spleen,  liver,  and  kidney,  where  also 
are  found  many  red  cells  included  in  phagocytes,  being 
faintly  outlined  within  the  protoplasm  of  the  latter,  and 
each  containing  a large  parasite.  In  tissues  taken  some 
hours  after  death,  the  organisms  are  almost  all  spheroidal. 
They  are  present  in  the  blood  at  least  twenty-four  days 
after  recovery. 

The  organism  is  apparently  transmitted  by  ticks,  and 
all  cases  of  the  disease  show  a history  of  tick  bites  about 
one  week  before  the  onset.  Stiles  made  a provisional  de- 
termination of  some  ticks  from  the  region  as  Dermacentor 
reticulatus  but  in  correspondence  later  expressed  the 
view  that  certain  differences  though  slight  justify  plac- 
ing these  forms  in  a new  species.  Some  facts  point  to 
the  existence  of  another  normal  mammalian  host  for  the 
parasite,  and  the  gray  gopher  has  been  indicated  as  the 
most  probable  form.  Further  study  is  necessary  to  es- 
tablish the  character  and  development  of  this  parasite, 
its  exact  systematic  position,  and  its  positive  relation  to 
the  disease.  Its  superficial  resemblance  to  PiropUmna 
bigeminum,  the  cause  of  Texas  fever  in  cattle,  has  already 
been  mentioned. 

Myxococciclium  Parker,  Beyer,  Pothier  1903. — Schiz- 
ogony unknown ; sporogony  in  Stegomyia  fasciata.  Only 
one  species,  thus  far  imperfectly  known. 


Myxococcidium  stegomyia;  Parker,  Beyer,  Pothier  1903 

(Fig.  5188). — A fusiform  body  (ookinctvt  o.uu3  I 

mm.  long  by  0.0015-0.002  mm.  broad  in  lumen  of  stom- 
ach and  oesophageal  diverticulum,  about  three  days  after 
mosquito  has  bitten  yellow-fever  patient ; this  body  is 
provided  with  a nucleus.  A spherical  body  (oocyst  7)  in 


fourteen  days  after  feeding  on  blood  of  yellow-fever  patient.  (I'npublislied  sketches, 
by  courtesy  of  J.  C.  Smith.) 
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the  oesophageal  diverticulum,  embedded  in  an  albuminoid 
mass  of  unknown  character.  This  becomes  mature  and 
breaks  up  into  numerous  (thirty  to  forty)  elongated  oval 
bodies  (sporoblasts?),  0.003  mm.  long  by  0.002  mm.  broad, 
which  enter  the  cells  of  the  salivary  gland,  and  then  com- 
ing torest(sporocysts),  divide  into  numerous  very  minute 
bodies  (sporozoites?). 

The  parasite  was  found  in  the  yellow-fever  mosquito 
(Stegomyia  fasciata)  from  Vera  Cruz,  Mexico,  by  Drs. 
Parker,  Beyer,  and  Potliier,  Working  Party  No.  1,  Yel- 
low-Fever Institute  of  the  United  States,  Public  Health 
and  Marine  Hospital  Service.  According  to  these  authors 
the  mosquitoes  used  were  fed  on  the  blood  of  a yellow- 
fever  patient,  and  with  due  precautions  against  infection 
from  any  other  source  were  killed  at  stated  intervals  from 
the  second  to  the  thirtieth  day.  A careful  study  of  sec- 
tions of  these  mosquitoes  in  which  the  Working  Party 
mentioned  received  valuable  assistance  from  Mr.  J.  C. 
Smith,  of  New  Orleans,  resulted  in  the  demonstration  of 
the  life  history  of  the  organism  somewhat  imperfectly 
as  outlined  above.  More  recently,  however,  Carroll  has 
maintained  that  the  fusiform  stage  is  actually  a wild 
yeast. 

The  Working  Party  also  states  that  yellow  fever  was 
produced  experimentally  with  mosquitoes  from  a case 
that  harbored  this  parasite,  and  the  parasite  was  found 
again  in  mosquitoes  fed  on  this  case.  Furthermore  they 
permitted  this  same  species  of  mosquito  to  feed  on  a 
case  of  malarial  fever  of  the  malignant  type,  on  normal 
blood,  and  on  other  nutritive  materials,  and  in  none  of 
these  mosquitoes  were  found  the  parasites  described 
above. 

From  the  account  given  it  appears  that  there  was  pres- 
ent in  these  mosquitoes  a parasite,  the  development  of 
which  bears  close  resemblance  to  that  of  the  malarial  or- 
ganism in  the  sexual  cycle  (sporogony).  On  the  analogy 
of  the  latter  parasite  there  should  also  occur  in  this  case 
a non-sexual  cycle  (schizogony)  in  the  blood  (?)  of  the 
yellow-fever  patient.  Yet  Sternberg,  Reed,  Carroll,  and 
many  others  have  sought  in  vain  for  such  an  organism; 
nor  was  the  Working  Party  more  successful.  The  further 
life  history  of  Myxococcidium  stegomym  lies  even  beyond 
conjecture,  and  it  can  only  be  said  that  negative  evidence 
raises  a strong  presumption  in  favor  of  its  etiological  re- 
lation to  yellow  fever. 

Quite  recently  Councilman,  Magrath,  and  Brinckerhoff 
have  made  known  the  results  of  studies  on  the  organisms 
of  vaccinia  and  of  variola,  which  go  far  toward  establish- 
ing the  nature  of  these  oft-reported  and  much-questioned 
bodies.  Much  is  needed  to  confirm  these  reports  and  to 
elucidate  further  details  in  life  history,  as  well  as  the 
general  relationship  of  these  bodies.  They  may  be  con- 
sidered briefly  here  without  prejudicing  the  results  of 
further  study  on  these  points.  Before  vesicle  formation 
in  the  diseases  noted,  small,  structureless  bodies  (0.001- 
0.004  mm.  in  diameter)  occur  in  vacuoles  of  cells  in  the 
lower  layers  of  the  dermal  epithelium.  With  increase  in 
size  the  body  shows  granules  lying  in  a reticulum,  and 
becomes  irregular  in  form  as  if  amoeboid.  No  nucleus 
was  demonstrated.  Formation  of  small  round  bodies, 
0.001  mm.  in  diameter,  closes  the  first  stage  in  the  life 
cycle.  Following  this  oval  or  ring-like  intranuclear 
bodies  appear.  In  them  several  vacuoles  are  seen 
grouped  around  a central  vacuole.  They  enlarge  and 
destroy  the  nucleus,  and  come  to  lie  in  a completely 
degenerated  cell.  The  vacuoles  become  less  evident,  and 
there  appear  multiple  circular  bodies  with  a central  dot. 
These  bodies  measure  only  0.0015  mm.  in  diameter,  and 
are  seen  with  great  difficulty. 

The  intranuclear  bodies  represent  the  second  stage  in 
the  life  history,  which  is  believed  to  be  the  sexual  cycle, 
and  produce  spores  which  are  the  infecting  agents.  In 
the  opinion  of  these  authors  the  first  cycle  may  exist 
without  the  second,  and  such  is  the  case  in  vaccinia. 

Apparently  these  are  the  same  structures  seen  by  L. 
Pfeiffer,  Guarnieri,  and  others,  who  were  not  successful 
in  working  out  the  life  history  as  it  now  stands,  although 
they  also  did  not  hesitate  to  bring  them  into  etiological 


relation  to  smallpox.  One  of  the  most  recent  of  these 
(Govini)  has  even  described  and  figured  both  extranu- 
clear  and  intranuclear  bodies  in  vaccinia.  Questionable 
intranuclear  bodies  have  also  been  reported  by  several 
investigators  for  sarcoma  cells  in  man,  but  there  are  also 
other  parasites  belonging  to  this  group  and  affecting  lower 
animals  in  which  an  intranuclear  existence  is  well  known, 
e.g.,  EimeTia  salamandrce  (—  Caryophagus  salamandrce), 
parasitic  in  the  intestinal  epithelium  of  one  of  the  sala- 
manders, and  most  frequently  in  the  nucleus  of  the  cell 
parasitized. 

Hsematozoa  have  been  described  by  various  authors 
as  characteristic  of  beri-beri  or  kakki,  an  endemic  form 
of  polyneuritis  particularly  prevalent  in  Japan  and  the 
Dutch  East  Indies.  The  infectious  nature  of  this  disease 
seems  to  be  generally  accepted,  and  at  different  times 
various  forms  of  possible  pathogenic  significance  have 
been  reported  from  the  blood.  The  most  recent  of  these 
are  amoeboid  bodies  resembling  malarial  parasites,  which 
have  been  studied  and  described  at  length  by  Glogner, 
and  especially  Fajardo.  The  latter  demonstrates  their 
presence  in  the  blood  in  peripheral  as  well  as  inner  or- 
gans, and  their  production  of  pigment  and  formation  of 
spores  of  some  sort ; and  yet  the  possible  confusion  with 
malarial  or  other  hsematozoa  and  the  lack  of  proof  con- 
cerning the  distinct  etiological  relation  to  beri-beri  have 
prevented  any  general  acceptance  of  the  role  assigned  to 
the  organism. 

In  leukaemia  also  Lowit  claims  to  have  discovered 
amoeboid  organisms  in  the  leucocytes,  and  to  have  fol- 
lowed their  development  even  to  sporulation,  i.e.,  schiz- 
ogony. (For  further  details  see  Leukemia.)  The  para- 
sitic nature  of  such  structures  cannot  be  regarded  as 
established  until  they  have  been  studied  in  life  and  not 
merely  in  preparations  of  fixed  blood. 

In  dengue,  an  infectious  disease  epidemic  in  hot  cli- 
mates, and  treated  at  length  in  an  earlier  volume  ( q.v .) 
good  evidence  has  recently  been  furnished  that  the  cause 
is  a protozoon  analogous  to  the  malarial  organism,  and 
like  it  transmitted  by  the  mosquito.  It  is  an  unpig- 
mented  pyriform  body  found  iu  the  erythrocytes  though 
not  abundantly,  and  is  present  in  second  and  third  attacks 
as  well  as  in  the  first.  The  development  is  slow,  requir- 
ing four  to  eight  or  even  ten  days,  and  in  general  appear- 
ance the  organism  suggests  Piroplasma  bigeminum  of 
Texas  fever  in  cattle  or  the  organism  of  spotted  or  tick 
fever  in  man  noted  above.  The  discoverer,  Graham,  also 
found  spores  in  the  walls  of  the  stomach  and  salivary 
glands  of  the  mosquito,  though  this  portion  of  the  life 
history  has  not  yet  been  clearly  described ; in  one  case 
the  time  required  for  it  was,  however,  only  forty-eight 
hours.  In  this  case  it  is  Gulex  fatigans  which  harbors 
the  organism  and  transmits  it,  although  other  species  may 
also  be  responsible.  Graham  has  recently  reported  in- 
oculation experiments,  the  results  of  which  leave  little 
doubt  as  to  the  cause  of  the  disease  and  the  method  of 
transmission. 

A long  series  of  contributions  concerns  objects  of  sup- 
posed protozoan  character  which  have  been  brought  iuto 
etiologic  connection  with  various  pathological  conditions 
by  investigators  of  the  most  diverse  type.  Such  are  the 
pseudococcidia  of  epitheliomata,  of  sarcomata,  of  mollus- 
cum  contagiosum,  etc.  Three  views  obtain  as  to  the 
nature  of  these  bodies,  according  to  which  they  are 
blastomycetes  or  myxomycetes,  sporozoa  or  other  pro- 
tozoa, and  finally  degenerative  cell  products.  It  cannot 
be  said  that  their  animal  nature  has  been  at  all  clearly 
demonstrated,  and  beyond  the  mere  mention  they  have  no 
right  to  consideration  in  this  article. 

In  the  subclass  Neosporidia  are  included  forms  which 
in  the  adult  condition  are  multinuclear,  and  which  pro- 
duce spores  during  the  entire  vegetative  period.  Spore 
formation  is  very  characteristic.  The  organism  forms  a 
number  of  pansporoblasts,  which  divide  again  to  form 
sporoblasts.  The  latter  acquire  a membrane  and  trans- 
form themselves  with  somewhat  complicated  changes 
iuto  sporocysts,  each  of  which  develops  within  itself 
only  a single  sporozoite.  Of  the  two  orders  only  the 
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Fig.  5189.  — Sarcn- 
cystis  tenella. 
Longitudinal  sec- 
tion of  young 
stage  with  newly 
formed  uninu- 
clear pansporo- 
blasts. Magnified. 
(From  Wasielew- 
ski, after  Ber- 
tram.) 


Sarcosporidia  are  of  importance  here,  and  they  are  but 
imperfectly  known. 

The  Sarcosporidia  possess  an  oval,  elongate,  or  saccu- 
late  body  (Fig.  5189),  in  which  pansporoblasts  are  formed 
at  a very  early  period.  They  parasit- 
ize at  first  intracellularly  the  muscle 
fibres,  but  by  the  degeneration  of 
these  come  to  lie  in  connective  tissue 
and  develop  to  oval  or  spherical  bodies 
of  considerable  size.  In  the  youngest 
stages  yet  found  uninuclear  spheres 
0.004-0.005  mm.  in  diameter  with  re- 
latively large  nuclei  (0.002-0.003  mm.) 
occur  in  the  endoplasm.  The  proto- 
plasm forms  a frame -work  between 
these  young  pansporoblasts,  which  in- 
crease in  size  with  age  and  become  also 
multinuclear.  While  at  the  ends  of  the 
sacculate  body  new  pansporoblasts  are 
continually  being  formed,  in  the  older 
ones  nearer  the  centre  the  contents  di- 
vide into  many  finely  granular  pale 
spheres,  the  sporoblasts. 

In  each  of  the  latter  is  formed  a 
single  sporozoite  which  gradually  as- 
sumes the  definitive  form  (Fig.  5190, 
a-d).  These  sporozoites  are  usually 
reniform,  sickle-shaped,  or  crescentic 
and  very  small.  Some  investigators 
claim  to  have  discovered  a polar  cap- 
sule, and  this  has  been  partly  confirmed 
by  some  later  observers.  Polar  fila- 
ments are  present  in  some  cases  (Fig. 
5191,  b).  Theobald  Smith  has  observed 
the  movements  of  the  sporozoites,  and  finds  that  in 
Sarcocystis  muris  there  is  a peculiar  gliding  with  sudden 
revolutions  on  the  long  axis.  This  is  carried  out  with- 
out the  assistance 
of  flagella.  Smith’s 
experiments,  which 
were  very  pains- 
taking and  extend- 
ed over  three  years, 
demonstrate  for  this 
species  direct  in- 
fection by  feeding 
muscle  tissue  in 
which  was  present 
the  parasite  with 
ripe,  mobile  sporo- 
zoites. Sarcospor- 
idia are  parasitic  in 
vertebrata,  chiefly 
mammalia,  and  are 
common  in  many 
domestic  animals. 

Miescher  in  1843 
found  these  para- 
sites first  as  cylin- 
drical sacs  in  the 
voluntary  muscles 
of  the  house  mouse. 
Some  years  later 
Rainey  found  sim- 
ilar structures  in 
the  muscles  of  the 
pig,  and  the  com- 
mon names  of  these 
structures,  often 
visible  to  the  naked 
eye,  are  associated 
with  these  two  in- 
vestigators. The 
group  has  been  but 
little  studied,  and  the  system  is  so  imperfectly  developed 
that  it  is  advisable  to  omit  all  further  mention  of  it,  and 
to  pass  at  once  to  a consideration  of  the  one  species 
which  has  been  certainly  obtained  from  the  human  body, 
Vol.  VIII.—  35 


sporoblasts;  e,  full-grown  sac,  dissected 
out  from  muscle  fibre,  tbe  radially  striated 
capsule  torn  on  the  right  to  show  the  pan- 
sporoblasts within.  Magnified.  (From 
Wasielewski,  after  Manz.) 


Sarcocystis  Lindemanni  (Rivolta  1878). — (Syn. : Greyn- 
rina  lAndemanni  Rivolta  1878;  Sarroryxtix  hominix  Ros- 
enberg 1892;  S.  Lindemanni  Labbe  1899.) 

Protoplasmic  body  from  the  muscle  fibres  of  the  vocal 
cords,  from  0.15  to  1.6  mm.  long  and  from  0.077  to  0.17 
mm.  thick ; membrane  delicate,  somewhat  thickened  tit 
the  ends  (Fig.  5191,  a),  body  distinctly  chambered  (Fig. 
5191,  e).  Sporozoites  (d)  banana  shaped,  exceedingly 
numerous,  0.008-0.009  mm.  in  length. 

The  most  certain  case  is  that  of  Baraban  and  St.  Remy, 
who  found  this  form  in  the  body  of  a criminal  executed 
at  Nancy.  All  the  specimens  of  the  parasite  were  in  the 
same  stage  of  development.  The  infected  muscle  fibres 
were  swollen  to  fourfold  their  normal  thickness.  Several 
other  uncertain  cases  are  on  record.  As  Theobald  Smith 
remarks,  the  muscular  system  is  not  subject  to  the  scru- 
tiny which  the  viscera  undergo  in  pathological  investiga- 
tions, so  that  the  presence  of  these  forms  may  be  much 


a 

Fig.  5191.— Sarcocystis  Lindemanni  from  Human  Larynx  (except 
b).  a,  Longitudinal  section  of  muscle  fibre  with  fully  developed 
sac.  X 250.  c.  Transverse  section  of  same.  X 250.  t.  Section 
showing  chambers  emptied  of  pansporoblasts.  X 565.  <i,  Sporo- 
zoite. X l,a50.  /),  Sporozoites  of  .S',  lllninluinli  with  polar  tl la- 
ments. X 875.  (I),  From  Wasielewski,  after  van  Ecke;  other 

figures  from  Doflein,  after  Barbaran  and  St.  Remy.) 

more  frequent  and  important  than  appears  as  yet.  In 
the  case  of  S.  muris  Smith  has  shown  that  the  feeding  of 
muscle  tissue  containing  ripe  mobile  sporozoites  to  gray 
and  white  mice,  is  followed  by  an  invasion  of  the  muscle 
fibres  by  the  parasites,  which  readily  become  recognizable 
after  the  forty-fifth  day.  Nothing  is  known  regarding 
the  development  of  S.  Lindemanni. 

The  class  Infusoria  holds  the  highest  rank  among  Pro- 
tozoa, and  its  members  are  at  once  distinguished  by  the 
presence  of  peculiar  organs  of  locomotion  in  the  form  of 
fine  hair-like  protoplasmic  processes,  the  cilia,  which  are 
present  in  at  least  some  part  of  the  life  history  of  all  in 
dividuals  in  the  group.  By  virtue  of  the  greatly  inferior 
length,  the  much  larger  number  present  on  each  animal, 
and  the  simple  synchronous  movement  cilia  are  easily 
distinguished  from  flagella.  The  external  zone  or  ecto- 
plasm is  more  highly  differentiated  than  in  the  forms  of 
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Protozoa  thus  far  considered,  and  the  body  has  in  conse- 
quence a more  permanent  form,  which  tends  to  acquire 
in  all  free  species  a bilaterally  symmetrical  structure. 
In  the  ectoplasm  one  finds  special  contractile  fibrils,  or 
myophanes,  and  peculiar  unexplained  bodies  known  as 
trichocysts.  The  cilia  are  arranged  in  rows,  and  occa- 
sionally fuse  into  vibrating  membranes  or  stylet-shaped 
masses,  cirri,  in  furtherance  of  the  motor  function.  The 
firm  ectoplasm  forms  at  the  mouth  opening  (cytostome) 
a groove  (peristome),  or  a peculiar  funnel-shaped  pit 
(cytopharynx),  which  serves  to  admit  food  particles  to  the 
interior  of  the  body.  A differentiated  anal  orifice  (cyto- 
pyge)  is  only  rarely  found.  The  contractile  vacuole  is 
always  present,  and  often  two  or  more  occur  with  a more 
or  less  extended  canal  system  branching  in  all  directions. 

One  of  the  most  striking  peculiarities  is  found  in  the 
nuclear  conditions.  Typically  two  nuclei  are  present;  a 
large  somatic  nucleus  or  macronucleus,  and  a small  sexual 
nucleus  or  micronucleus,  which  usually  lies  close  to  the 
former.  The  macronucleus  is  always  single,  but  there 
may  be  several  micronuclei  to  each  cell.  The  ordinary 
process  of  reproduction  is  fission  or  gemmation,  and  in 
this  the  macronucleus  divides  amitotically  while  the 
micronucleus  undergoes  indirect  or  mitotic  division.  At 
times  one  finds  conjugation,  or  temporary  and  partial 
fusion  of  two  individuals  with  the  destruction  of  the 
macronuclei  and  of  a certain  portion  of  each  micronu- 
cleus, while  the  remainder  of  each  micronucleus  on  each 
side  is  divided  equally  between  the  two  individuals. 
From  the  portions  of  the  micronuclei  fused  there  arise 
new  macronuclei  and  micronuclei.  This  process  has 
generally  been  looked  upon  as  one  of  rejuvenation,  and 
necessary  for  the  continued  existence  and  reproductive 
power  of  the  individual.  Certain  recent  investigations 
leave  this  somewhat  uncertain.  The  complicated  details 
of  the  process  find,  however,  an  evident  parallel  in 
changes  connected  with  the  fertilization  of  higher  forms, 
or  the  union  of  egg  and  sperm  cells. 

Encystment  is  frequent,  and  the  evident  means  of  pro- 
viding for  unfavorable  changes  in  environment,  such  as 
drought,  temperature  changes,  etc.  In  parasitic  forms 
it  is  related  to  the  necessary  interval  of  transport  to  a 
new  host.  In  the  majority  of  cases  these  protozoa  are 
commensals  rather  than  true  parasites,  and  in  some  in- 
stances are  even  said  to  be  of  mutual  advantage  to  the 
host,  and  consequently  symbiotic  in  character.  The  two 
subclasses  are  distinguished  on  the  basis  of  the  perma- 
nence of  the  ciliary  covering  which  is  constantly  present 
in  the  Ciliata,  save  during  encystment,  but  which  is 
found  only  in  the  young  forms  of  the  Suctoria.  The 

latter  are  also  sup- 
plied with  peculiar 
sucking  tubes  for  tak- 
ing in  nourishment. 
They  do  not  furnish 
any  forms  found  in 
the  human  body. 

The  Ciliata  are  pres- 
ent in  large  numbers 
in  all  fresh  - water 
bodies,  and  manifest 
great  variety  of  struct- 
ure. They  furnish 
many  ectoparasitic 
species  on  water-living 
vertebrates  and  a few 
endoparasitic  in  higher 
forms,  including  man. 
The  various  orders 
into  which  the  Ciliata 
are  divided  are  based 
upon  the  number  and 
arrangement  of  the 
cilia  in  the  adult  form. 
Only  two  of  these  orders  call  for  attention  here.  In  the 
Holotricha  there  is  no  spiral  zone  of  prominent  cilia  or 
membranellae  leading  to  the  cytostome,  and  the  body 
possesses  only  small  cilia  which  arc  more  or  less  gener- 
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Fig.  5192. — N yctotherus  fcba , Living, 
c.v..  Contractile  vacuole;  ma.n ., 

macronucleus ; mi.n .,  inicronucleus  : 
p,  peristome.  Magnified.  (Alter 

Schaudinn.) 


ally  distributed.  The  Heterotricha  have  an  adoral  spiral 
zone  of  larger  cilia,  but  the  remainder  of  the  body  is  uni- 
formly finely  ciliated. 

Of  the  Holotricha  one  species  has  been  reported  from 
man.  It  belongs  to  the  genus  GMlodon,  the  distinctive 
features  of  which  are  included  in  the  description  of  the 
species  whigh  follows. 

Vhilodon  dentatus  (Dujardin  1841). — (Syn. : Loxodes 
dentatus  Duj.  1841;  Ch.  dentatus  Guiart  1903.) 

Oval,  35-55^  long  by  25-35  p broad,  flattened  in  ventral 
face,  dorsal  aspect  strongly  arched.  Anteriorly  a flexible 
membranaceous  projection  curved  toward  the  left  and 
carrying  several  rows  of  cilia  on  the  lower  aspect. 
Granular  endoplasm  confined  to  posterior  inflated  region ; 
ectoplasm  in  a thin  peripheral  layer  and  forming  the 
anterior  projection.  Mouth  ventral,  in  anterior  portion 
of  the  endoplasmic  region,  normally  contracted  and  hard- 
ly visible,  cytopharynx  directed  dorsally  and  recurved 
ventrad  so  as  to  form  almost  a complete  circle.  Two 
contractile  vacuoles,  macronucleus  large,  spherical,  in 
posterior  region. 

This  infusorian  has  been  found  once  by  Guiart,  as  a 
parasite  of  the  human  intestine  in  Paris,  France.  The 
animals  were  present  in  large  numbers  in  the  mucus  from 
dysenteric  stools.  Care  was  taken  to  control  the  source 
of  the  parasite  and  to  avoid  contamination  from  external 
sources,  with  the  result  of  obtaining  from  the  dejecta  on 
the  second  day  after  passage  pure  cultures  of  the  infu- 
sorian. It  is  a common  free-living  species,  and  must  be 
classed  in  this  instance  merely  as  an  accidental  parasite. 
Close  examination  of  faecal  discharges  will  undoubtedly 
show  the  occasional  occurrence  of  many  such,  especially 
when  the  resting  spores  happen  to  be  abundant  in  the 
local  supply  of  drinking-water.  In  this  case  there  is 
nothing  to  show  that  the  resting  spores  did  not  simply 
make  the  passage  of  the  canal,  and  then  develop  almost 
at  once  in  the  discharges.  The  extreme  sensitiveness  of 
the  species  to  changes  in  the  environment,  which  has 
been  commented  upon  by  Guiart  himself,  makes  this  ex- 
planation of  the  case  more  probable.  One  should  recall 
in  this  connection  the  record  of  Schaudinn,  that  the  rest- 
ing spores  of  a Rliizopod,  Ghlamydophrys  stercorea,  must 
make  the  passage  of  the  alimentary  canal  in  man  or  other 
animals  in  order  to  undergo  development.  In  this  case, 
indeed,  the  resting  spores  open  in  the  colon  and  an  amoe- 
boid organism  emerges  which  does  not  assume  the  tes- 
taceous form  of  the  adult  until  after  the  fasces  are 
discharged  from  the  body. 

The  order  of  the  Heterotricha,  already  generally  char- 
acterized, includes  three  species  under  two  genera,  which 
have  been  reported  from  the  human  host.  The  first  be- 
longs to  the  genus  Nyctotherus  Leidy  1849,  which  con- 
tains flattened  reniform  species  with  a peristome  along 
the  concave  side  from  the  anterior  pole  to  the  cytostome 
at  the  centre.  The  cytopharynx  is  more  or  less  arcuate. 
The  macronucleus  is  large  and  nearly  central  in  location. 
A single  contractile  vacuole  is  present.  The  species  of 
this  genus  occur  as  parasites  in  the  alimentary  canal  of 
Anura,  Myriapoda,  and  Insecta.  A single  form  has  been 
found  twice  in  the  human  alimentary  canal. 

Nyctotherus  faba  Schaudinn  1899. — Body  reniform, 
somewhat  flattened  dorsoventrally,  left  side  convex, 
right  concave  and  notched  in  the  centre.  Anterior  end 
bent  to  the  right  a little,  and  on  the  right  side  slightly 
cut  out;  posterior  end  broadly  rounded  (Fig.  5192). 
Length  0.026-0.028  mm.,  breadth  0.016-0.018  mm.,  thick- 
ness 0.01-0.012  mm.  Peristome  a narrow  longitudinal 
slit  just  at  right  margin  of  body,  extending  from  near 
anterior  end  to  middle  of  body.  Cytopharynx  tubular, 
short,  and  without  guide  spine  at  entrance.  Cilia  very 
fine  and  delicate  as  well  as  short.  Ectoplasm  thin,  endo- 
plasm granular,  alveolar  and  without  food  vacuoles. 
Contractile  vacuole  large,  located  left  of  middle,  near 
posterior  end,  emptying  through  the  special  anal  tube. 
Macronucleus  spherical,  0.006-0.007  mm.  in  diameter, 
with  chromatin  in  four  or  five  solid  masses  near  per- 
iphery, leaving  the  intervals  filled  by  a non-staining 
linin  network.  Micronucleus  0.001-0.0015  mm.  in 
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diameter,  spherical  or  oval,  ordinarily  next  the  macro- 
nucleus. Fission  and  conjugation  were  not  observed. 
Encysted  form  oval,  easily  recognized  by  the  strange 
macronucleus. 

This  species  has  been  found  only  once  in  Berlin  in  a 
patient  suffering  alternately  from  diarrhoea  and  constipa- 
tion. It  occurred  in  large  numbers  in  the  fteces 
taken  direct  from  the  intestine,  and  was  accom- 
panied by  Balantidium  minvtum  and  eggs  of 
Anguillula  ( ?)  and  Anchylostoma.  The  species  has 
an  especial  interest  here  since  the  German  physi- 
cians suggest  from  the  history  of  the  case  that 
the  infection  may  well  have  been  attained  in  the 
United  States,  where  the  patient  had  lived  for 
some  time  previously.  A pathogenic  role  has 
not  been  attributed  to  the  species. 

Stiles  reports  in  recent  correspondence  that  he 
has  encountered  several  cases  of  ciliate  infection 
which  could  not  be  identified  and  at  the  time  more 
exact  study  was  impracticable.  The  attention  of 
physicians  should  be  directed  more  carefully  to 
this  group  of  organisms. 

The  genus  Btdantidium  includes  species  of  oval 
or  ellipsoidal  form,  circular  in  transsection,  with 
the  anterior  end  somewhat  tapering.  The  peri- 
stome has  the  form  of  a flattened  funnel  with  the  eyto- 
stome  at  its  base.  Two  contractile  vacuoles  on  the  right 
side,  sometimes  two  others  on  the  left.  Cytopyge  termi- 
nal; macronucleus  oval  or  reniform.  The  five  known 
species  are  parasitic  in  the  alimentary  canal  of  man  (two 
species),  pig  (one  species),  and  amphibia,  and  in  the  body 
cavity  of  polychastous  annelids.  For  the  distinction  of 
the  human  parasites  a key  to  all  five  species  is  neces- 
sary. That  given  here  is  taken  from  Schaudinn. 

1.  Peristome  extends  to  equator  of  body  or  further,  cyto- 

pharynx  present 2 

Peristome  much  shorter,  cytopliarynx  wanting 3 

2.  Four  contractile  vacuoles,  macronucleus  reniform, 

cyst  spherical B.  entozoon  Clap,  and  Lachm. 

One  contractile  vacuole,  macronucleus  spherical,  cyst 
oval B.  minutum  Schaudinn 

3.  Two  contractile  vacuoles  4 

One  contractile  vacuole  macronucleus  oval,  cyst  sphe- 
rical  B.  duodeni  Stein 

4.  Body  elongated,  spindle-shaped,  or  cylindrical, 

B.  elongatum  Stein 

Body  oval B.  coli  Stein 

Balantidium coli  (Malmsten  1857).  — (Syn. : Paramcecium 
coli  Malmsten  1857;  B.  coli  Stein  1867.) 

Form  oval,  slightly  truncated  anteriorly  with  very 
short  infundibuliform  peristome  which  lies  just  to  the 
right  of  the  anterior  tip  and  leads  to  a short  cytopliarynx 
(Fig.  5193).  Body  0.07-0.1  mm.  long  by  0.05-0.07  mm. 
broad.  Ectoplasm  and  endoplasm  distinct ; latter  with 
drops  of  oil  and  mucus,  and  according  to  some  observers 
red  and  white  corpuscles  from  the  host.  Macronucleus 
bean-shaped  or  reniform,  with  the  small  spherical  micro- 
nucleus ad  jacent  to  it.  Two  contractile  vacuoles  located 
on  the  right  side,  but  no  permanent  cytopyge.  Fission 
of  the  free  form  has  been  observed.  Conjugation  has  also 
been  seen.  Cysts  are  spherical  and  possessed  of  imper- 
vious membrane. 

This  species  inhabits  the  colon  of  man  and  the  pig.  In 
the  latter  it  occurs  also  in  the  rectum  and  caecum,  and  is 
present  regularly  in  large  numbers.  The  pig  may  be  re- 
garded as  the  normal  host,  and  in  it  this  species  excites 
no  abnormal  symptoms.  The  encysted  forms  evacuated 
with  faeces  are  supposed  to  bring  about  the  transfer  of 
the  species  all  the  more  easily  that  the  pig  is  copropha- 
gous;  and  yet  experimental  infection  has  been  unsuc- 
cessful even  in  the  pig.  Grassi  and  Calandruccio  have 
demonstrated  that  experimental  infection  of  man  is  not 
successful  in  the  case  of  healthy  individuals.  The  occa- 
sional introduction  of  encysted  forms  may,  however, 
bring  about  successful  colonization  of  the  canal  when- 
ever an y pathologic  conditions  exist  in  the  colon,  although 
Grassi  and  Calandruccio  argue  from  the  slight  difference 
in  size  and  the  failure  of  their  experiments  that  the  forms 


found  in  man  are  not  of  the  same  species  as  those  from 
the  pig.  These  conclusions  do  not  seem  to  have  found 
even  limited  acceptance. 

Malmsten  discovered  Balantidium  coli  in  1857  in  a man 
who  had  recovered  from  an  attack  of  cholera  two  years 
before,  but  had  since  suffered  from  diarrhoea.  The  para 


sites  were  abundant  in  the  bloody  discharge  of  a rectal 
abscess,  and  even  after  its  disappearance  persisted  in 
the  fames,  from  which  they  finally  disappeared  as  a re 
suit  of  the  use  of  acid  enemata.  In  the  necropsy  of  a 
subsequent  case  the  exact  seat  of  the  parasite  was  deter 
mined  as  the  anterior  region  of  the  large  intestine. 

Many  cases  have  been  reported  from  man  since  then. 
Shegalow  lists  sixty-three  in  all  from  Russia,  Germany, 
Scandinavia,  Finland,  Italy,  Cochin  China,  Sunda  Isl- 
ands, and  the  United  States  of  America.  Strong  and 
Musgrave  have  added  the  Philippines  to  this  list. 
While  this  parasite  has  been  observed  regularly  in  obsti- 
nate diarrhoea,  its  disappearance  is  not  accompanied  with 
the  cessation  of  the  symptoms  in  all  cases,  and  Balantidia 
have  been  found  after  the  diarrhoea  has  stopped.  The 
earlier  idea  that  these  protozoa  were  the  exciting  cause 
of  the  intestinal  disturbances  has  accordingly  given  way 
in  part  to  a view  that  these  protozoa  continue  and  ex- 
tend the  diseased  condition,  but  are  not  sufficient  to  cause 
it.  Some  authors  report,  however,  that  the  species  pene- 
trates the  intestinal  wall  and  causes  abscesses  in  the 
deeper  layers.  Solowjev  claimed  even  to  have  demon- 
strated them  in  the  blood  and  lymph  vessels  of  the  intes- 
tinal wall.  This  has  recently  been  confirmed  by  Strong 
and  Musgrave. 

These  authors,  together  with  several  other  very  recent 
contributors  to  this  subject,  contend  very  strongly  in 
favor  of  the  pathologic  role  played  by  the  parasite.  In 
most  post-mortems  lesions  have  been  found  similar  to 
those  of  amoebic  dysentery.  Brooks  found  in  apes  in 
New  York  extensive  ulcerations  in  the  caecum,  irregular 
in  contour  with  undermined  borders.  The  mucous  and 
submucous  coats  were  destroyed  and  the  parasites  were 
present  in  great  numbers  in  the  ulcerations,  especially  on 
the  floor  and  along  the  sides.  They  even  pass  beyond 
the  limits  of  the  ulcers,  apparently  following  the  course 
of  the  lymphatic  and  blood-vessels,  it  was  surmised  that 
the  parasites  entered  the  submucosa  from  the  crypts  of 
Lieberkuhn,  in  the  depths  of  which  they  were  often 
found.  The  Balantidia  were  found  in  the  diarrhoetic 
stools,  but  disappeared  with  recovery  of  the  host.  But 
relapses  were  frequent,  and  each  time  the  parasites  reap 
peared  in  the  fames.  This  is  explicable  on  the  basis  of 
their  position  deep  in  the  glands  of  the  intestinal  wall, 
and  emphasizes  the  difficulty  of  completely  destroying 
them  and  preventing  a recurrence  of  the  disease. 

It  is  difficult  to  avoid  the  conclusion  that  positive  proof 
of  tlieetiologic  significance  of  these  forms  is  given  by  the 
presence  of  abundant  parasites  in  the  lesions  and  iii  the 
tissues  in  advance  of  the  pathologic  changes,  and  also  by 
their  occurrence  hi  the  depths  of  glands  and  in  the  sub 
mucosa  before  the  start  of  such  lesions  at  these  points. 
The  opponents  of  this  view  regard  the  role  of  the  pro- 


Fig.  5193.— Balantidium,  coli.  A,  C,  Free;  B,  encysted;  «,  macronucleus; 
v,  contractile  vacuole;  /,  food  mass.  Magnified.  ( A , After  Leuckarl ; If,  < '. 
from  Braun,  after  Casagrandi  and  Barbagallo.) 
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tozoa  as  secondary,  and  look  upon  bacteria  as  primarily 
responsible  for  the  lesions.  This  species  is  known  to  oc- 
cur abundantly  in  some  parts  of  this  country  as  a parasite 
of  the  pig,  and  its  more  frequent  presence  in  the  human 

host  than  rec- 
ords hitherto 
made  would 
show  may  easily 
be  disclosed  by 
more  careful  ex- 
amination. It 
should  be  noted 
that  many  of 
the  cases  already 
on  record  come 
from  the  coun- 
try where  the 
chances  of  acci- 
dental infection 
are  naturally 
greater.  It  is 
there  according- 
ly  that  one 
should  look  for 
evidence  of  more 
extended  infec- 
tion of  the  hu- 
man host.  Lack 
of  records  in  the 
past  may  well  be  due  to  lack  of  precise  examination 
among  the  very  cases  in  which  the  parasite  is  most 
likely  to  occur. 

Balantidium  minutum  Schaudinn  1899. — (Syn. : Colo- 
poda  cucullus  Schulz  1899.) 

Body  compressed  pyriform  or  oval  (Fig.  5194).  Length 
0.02-0.032  mm. ; breadth  0.014-0.02  mm.,  or  in  the  ratio 
3 : 2.  Anterior  end  bluntly  pointed,  often  slightly  twisted 
dextrad  or  sinistrad.  Posterior  end  broadly  rounded. 
Peristome  a slender  cleft,  broader  anteriorly,  pointed  pos- 
teriorly and  deeper;  extending  from  near  anterior  tip  to 
centre  of  body ; in  the  living  animal  continually  opening 
and  closing ; left  margin  with  hyaline  membrane.  Adoral 
cilia  heavier  and  longer  than  those  of  the  body  generally, 
only  on  the  left  peristome  margin  beneath  the  membrane. 
Body  cilia  long  (0.007-0.008  mm.) slender.  Hyaline  ecto- 
plasm thin,  distinct  from  granular  endoplasm,  which  con- 
tains many  vacuoles.  These  are  filled  with  fine  granules, 
and  large  food  masses  or  excretory  crystals  are  not 
present.  Contractile  vacuole  single,  near  posterior  end 
on  left  side.  No  permanent  cytopyge.  Macronucleus 
spherical  0.006-0.007  mm.  in  diameter;  centrally  located. 
Micronucleus  single,  anterior  to  macronucleus  at  its  sur- 
face, 0.001  mm.  in  diameter.  Division  occurs,  but  con- 
jugation has  not  been  observed.  Cyst  oval. 

Reported  twice,  once  in  company  with  Nyctotherus 
faba  ( q . v.)  and  once  in  Berlin  also  without  that  species. 
In  both  cases  this  form  was  abundant  during  the  diar- 
rhoea, but  with  the  exception  of  a few  cysts,  disap- 
peared as  soon  as  the  stools  became  firmer.  Purgatives 
brought  the  infusorians  again  in  numbers  into  the  stools. 
This  condition  indicates  that  they  inhabit  the  small  intes- 
tine, perhaps  the  duodenum,  rather  than  the  colon,  and 
make  their  appearance  when  carried  outward  by  more 
fluid  contents  and  rapid  passage  of  the  canal.  As  other 
species  of  the  genus  are  harmless  commensals  in  the  canal 
of  Amphibia,  this  species  is  probably  not  pathogenic.  It 
should  be  kept  in  mind  that  confusion  of  B.  coli  and  B. 
minutum  may  occur  if  the  examination  is  not  made  with 
precision,  and  perhaps  some  cases  of  the  former,  already 
on  record,  actually  concern  the  latter  species. 

As  pseudo-infusoria  may  be  designated  a long  series  of 
structures  reported  from  various  sources,  and  often  the 
object  of  repeated  discovery  by  those  unfamiliar  with 
the  field.  Thus  in  mucus  or  sputum  in  case  of  affection 
of  the  air  passages,  bodies  moved  by  cilia  have  been  in- 
terpreted as  genuine  parasites  and  assigned  an  etiological 
role  in  the  disease.  In  contravention  of  this  view  may 
be  urged  the  variable  and  irregular  form  of  such  bodies, 


their  rapid  and  special  degeneration  and  their  source, 
which  amply  demonstrate  their  origin  as  detached  ciliated 
cells  from  bronchi,  trachea,  or  nasal  cavity.  Such  bodies 
are  the  asthma  parasites  of  Salisbury,  and  the  protozoa 
of  whobping-cough  described  by  Deichler  and  Kurloff. 

Much  less  worthy  of  serious  attention  are  the  reports 
of  various  writers,  especially  Lindner,  that  certain  forms, 
well  known  as  free-living  species,  namely,  unstalked 
vorticellids,  are  the  cause  of  various  gastric  disturbances 
in  man  and  certain  domestic  animals.  The  statement  of 
Schaudinn,  that  he  has  found  repeatedly  active  vorticel- 
lids in  fresh  faeces,  but  only  after  water  enemata,  is  suffi- 
cient indication  of  the  means  by  which  such  marvellous 
discoveries  as  those  of  Lindner  and  others  are  achieved. 
Quite  recently  I vTas  asked  to  examine  a slide  containing 
organisms  from  fresh  urine,  and  these  were  not  echino- 
coccus bladders  as  diagnosed,  but  unmistakably  free 
living  forms,  and  probably  contracted  rotifers  whose 
presence  was  due  to  the  contamination  of  the  vessel,  or 
possibly  of  the  sample  of  urine  examined. 

Henry  B.  Ward. 
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ADDENDUM. 

“Protozoa  in  Scarlet  Fever?* — In  four  cases  of 
scarlet  fever,  which  came  to  autopsy  at  the  Boston  City 
Hospital,  there  was  found  a series  of  bodies  which  strongly 
suggest  the  different  stages  in  the  development  of  a pro- 
tozoon.  These  bodies  occur  in  the  epithelial  cells  of  the 
skin  and  tongue,  between  these  cells,  and  free  in  the  su- 
perficial lymph  vessels  and  spaces  of  the  corium  (see 
Plate  LXIL).  For  description  they  may  be  divided  into 
two  groups. 

“ The  first  group  consists  of  a series  of  bodies  varying 
in  size  from  2 to  7/l  Structurally  they  are  composed  of 
a finely  granular,  closely  meshed  reticulum.  Sometimes 
they  contain  small  vacuoles.  Their  frequently  irregular 
and  elongated  forms  suggest  fixation  while  in  amoeboid 
motion. 

“ The  bodies  of  the  second  group  are  radiated  in  struct- 
ure and  measure  4-6  y in  diameter.  They  contain  a central 
body  from  which  radiate  a comparatively  large  number 
of  narrow  segments.  All  stages  occur  between  radiate 
bodies  or  rosettes  just  forming,  and  others  where  the  seg- 
ments are  enlarging  and  leaving  the  central  body  to  form 
the  small  granular  forms  already  described. 

“These  bodies  are  brought  out  best  by  staining  in 
eosin  followed  by  alkaline  methylene  blue  after  fixation 
in  Zenker’s  fluid.  They  stain  a clear  blue  in  fairly  well- 
marked  contrast  to  the  purplish  nuclei  and  the  pale  pink 
protoplasm  of  the  cells.  Other  staining  methods  give  no 
differentiation  of  the  bodies. 

“The  evidence  that  these  bodies  represent  different 
stages  in  the  growth  of  a protozoon  is  based  on  morpho- 
logical data  only,  and  necessarily  is  far  from  conclusive. 


* This  communication  and  the  accompanying  photograph  were 
not  received  until  the  main  article  bad  already  been  set  up  in  type. 
—Editor. 


Fig.  5194. — Balantidium  minutum.  Living. 
Abbreviations  as  before.  Magnified.  (After 
Schaudinn.) 
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EXPLANATION  OP  PLATE  LXII. 


Figs.  1 and  2 show  numerous  large  and  small  scarlet-fever 
bodies  in  and  between  the  epithelial  cells  of  the  rete 
raucosura.  In  Fig.  1 is  a large  body  in  a lymph  space 
of  the  corium  just  underneat h the  epidermis.  Several 
of  the  bodies  suggest  fixation  while  in  amoeboid  motion. 

Figs.  3,  5,  and  0 are  coarsely  reticulated  forms  which  may  be 
degenerated  forms  of  the  scarlet-fever  bodies,  or 
stages  in  sporogony. 

Figs.  4,  8,  and  9 probably  represent  stages  preceding  the 
radiate  bodies.  In  Fig..  9 the  bodies  lie  in  a lymph 
space.  It  shows  also  four  small  forms  which  apparently 
have  just  freed  themselves  from  a rosette. 

Figs.  7,  10,  11,  12 , 13,  14,  and  15  show  different  stages  in 
the  development  of  the  radiate  bodies. 

Fig., 10  is  the  earliest  stage;  there  is  a distinct  central 
body  and  a definite  regular  arrangement  of  granules  at 
the  periphery.  Figs.  7,  11,  and  12  show  a little  later 
stage  of  development;  11  and  12  are  optical  sections, 
while  7 is  a surface  view.  Moreover,  in  Fig.  7 the  body 
lies  free  in  a lymph  space  in  the  corium.  The  segments 
begin  to  show  a certain  amount  of  lateral  separation  from 
each  other. 

Fig.  13  is  a still  later  stage;  the  segments  are  increasing  in 
size  and  are  more  or  less  free  from  each  other,  although 
most  of  them  are  still  attached  to  the  central  body.  In 
Fig.  14  the  segments  are  all  free  and  enlarging,  although 
still  grouped  around  the  central  body.  In  Fig.  15^ three 
bodies  are  still  grouped  around  the  central  body,  which 
is  free. 
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Protozoon  - like  Bodies  found  in  four  cases  of  Scarlet  Fever 
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Their  discovery  may,  however,  prove  to  be  the  first  step 
in  clearing  up  the  etiology  of  scarlet  fever. 

“Morphologically  the  bodies  resemble  fairly  closely  the 
different  stages  in  the  sexual  development  (schizogony)  of 
the  malarial  organisms.  Comparing  them  with  the  tertian 
malarial  parasite  under  the  same  conditions  of  fixation 
and  staining,  they  seem  to  be  about  one-third  larger,  and 
to  have  about  twice  as  many  segments  in  the  rosettes. 

“The  accompanying  illustrations  (Plate  LXII.)  are  a 
copy  in  black  and  white  of  the  plate  of  colored  drawings 
in  the  original  paper.”* 

While  these  bodies  must  be  studied  in  the  living  con- 
dition to  demonstrate  beyond  question  their  protozoan 
nature,  and  while  still  further  evidence  must  be  adduced 
before  their  etiological  relation  to  scarlet  fever  can  be  re- 
garded as  demonstrated,  yet  Dr.  Mallory’s  work  is  of 
great  importance  and  a strong  presumption  in  favor  of 
the  view  which  he  advocates.  For  his  courtesy  in  fur- 
nishing these  results  in  advance  of  the  appearance  of  the 
article  itself  sincere  thanks  are  due.  11.  B.  IF. 

RADIUM. — Radium  is  a radioactive  substance  sup- 
posed to  be  a new  element.  Professors  Curie  and  Demar- 
cay  have  isolated  in  small  quantity  and  tested  what  they 
consider  to  be  pure  radium,  obtaining  from  their  samples 
a characteristic  spectrum,  and  have  determined  the 
atomic  weight  to  be  225.  On  account  of  the  rarity  and 
great  difficulty  and  cost  of  isolating  radium  it  is  used  in 
the  form  of  a bromide  or  chloride. 

Discovery. — The  discovery  of  radium  is  due  to  investi- 
gations upon  radioactive  substances.  In  1896  M.  Henri 
Becquerel,  member  of  the  Institute  of  France,  reported 
the  discovery  that  uranium  gave  off  radiant  energy  hav- 
ing many  of  the  properties  exhibited  by  the  radiations 
from  x-ray  tubes. 

The  radiations  from  uranium  were  given  the  name  of 
Becquerel  rays,  from  the  distinguished  scientist  who  dis- 
covered them.  These  rays  have  the  property  of  dis- 
charging electrified  bodies  and  of  producing  chemical 
changes  in  the  silver  salts  ordinarily  used  in  photography, 
in  these  respects  being  similar  to  the  a' -rays. 

Uranium  was  first  discovered  in  1789  by  the  German 
chemist  Klaproth,  and  named  by  him  from  the  planet 
“ Uranus.  ” Uranium,  though  widely  distributed,  is  never 
found  in  large  amounts,  and  forms  several  minerals.  The 
most  common  of  these  is  uraninite,  commonly  known  as 
pitchblende.  It  contains  about  eighty  per  cent,  of  ura- 
nium. The  pitchblende  which  contains  the  largest  amount 
of  radioactive  substances  is  the  Bohemian  pitchblende; 
but  it  is  also  found  in  Saxony,  Cornwall  (England),  and 
in  Colorado  (United  States). 

Professor  Curie  and  Mme.  Curie,  in  investigating  the 
Becquerel  radiations  from  uranium  found  that  gome  sam- 
ples of  pitchblende,  from  which  the  uranium  had  been  ex- 
tracted, gave  forth  radiations  much  more  powerful  than 
any  they  had  found,  having,  in  fact,  four  times  the  radio- 
activity of  metallic  uranium.  They  concluded  that  ura- 
nium being  absent,  the  radiations  were  due  to  some  un- 
known substance  in  the  pitchblende,  and  following  out 
this  they  discovered,  in  1898,  a substance  to  which  they 
gave  the  name  of  “ polonium.”  Polonium  passes  more 
rays  through  aluminum  than  uranium  does,  but  these 
rays  do  not  penetrate  glass,  are  readily  absorbed  by  min- 
erals, and  are  cut  off  by  thin  paper.  In  the  same  year, 
following  up  the  discovery  of  polonium,  M.  and  Mme. 
Curie  and  M.  Bemont  isolated  a second  substance  from 
pitchblende  which  possesses  many  of  the  chemical  char- 
acteristics of  uranium,  but  is  much  more  powerful.  To 
this  they  gave  the  name  “radium.” 

Properties  of  Radium. — Radium  is  one  of  the  most 
peculiar  substances  known  to  science,  and  produces  phe- 
nomena which  were  hitherto  unknown  as  existing  in  any 
chemical  element  or  chemical  combination:  (a)  It  glows 
constantly  with  a visible  light;  ( b ) it  gives  off  constantly 
a certain  degree  of  heat;  (c)  it  produces  electrical  effects 
similar  to  those  produced  by  the  x-rays;  ( d ) it  causes  cer- 

*  Mallory : “ Scarlet  Fever.  Protozoa-like  Bodies  Found  in  Four 
Cases.”  Journal  of  Medical  Research,  No.  4,  vol.  i.,  1904. 


tain  chemicals  to  fluoresce;  ( e ) it  reduces  the  silver  salts 
ordinarily  used  in  photography;  ( f ) it  transforms  white 
into  red  phosphorus,  and  producesother  transformations, 
such  as  changing  the  color  of  glass,  porcelain,  white 
paper,  rock  salt,  etc. ; (g)  it  has  a distinct  effect  upon 
living  tissue. 

Nature  of  Radium  Radiations. — The  discovery  of  x-ray 
radiations  and  radium  radiations  has  given  rise  to  many 
ingenious  theories,  but  experiments  appear  to  show  a 
distinct  difference  between  radium  rays  and  x-rays  and 
the  emanations  from  radium.  Radium  rays  like  x-rays 
pass  through  glass  and  substances  opaque  to  ordinary 
light,  while  radium  emanations  are  of  peculiar  character 
and  appear  to  be  more  like  a vapor.  These  emanations 
do  not  pass  through  glass,  but  settle  upon  all  objects 
with  which  they  come  in  contact,  and  like  vapor  of  water 
may  be  condensed  by  extreme  cold.  The  emanations 
from  radium  produce  radioactivity  in  other  substances, 
the  result  being,  so  far  as  is  known,  that  all  substances 
may  be  rendered  radioactive  through  the  influence  of 
radium  emanations.  Substances  so  rendered  radioactive 
present  to  a degree  all  the  phenomena  which  radium 
itself  presents,  and  when  so  charged  retain  the  proper- 
ties of  radium  for  varying  periods  of  time.  The  Curies 
have  determined  that  substances  thus  rendered  radio- 
active retain  their  induced  radioactivity  very  much 
longer  when  guarded  in  a small  enclosure  through  which 
the  emanations  cannot  pass.  In  such  cases  the  induced 
radioactivity  diminishes  one-half  every  four  days,  while 
in  substances  not  so  guarded  it  diminishes  one-half  every 
twenty-eight  minutes. 

Nature  and  Measurements  of  Radium  Radiations. — 
There  are  three  entirely  distinct  types  of  rays  emanating 
from  radium.  These  are  known  as  the  “a,”  “/3,”  and 
“y”  rays.  The  a rays  are  the  least  penetrating,  losing 
about  one-half  of  their  intensity  if  passed  through  alu- 
minum 0.0005  cm.  in  thickness.  The  /3  rays  are  much 
more  penetrating  and  much  longer,  and  correspond  in 
every  particular  to  the  characteristics  of  cathode  rays. 
They  are  readily  deflected  by  a magnet,  discharge  elec- 
trified bodies,  etc. 

The  y rays  are  the  rays  possessing  the  greatest  pene- 
trating power.  These  rays  will  produce  radioactivity 
through  the  air  at  a distance  of  four  feet  or  more,  and 
are  so  much  more  penetrative  than  a rays  that  they  re- 
quire aluminum  8 cm.  in  thickness  to  reduce  their  in- 
tensity one-half. 

The  radioactivity  of  radium  compounds  is  measured 
in  terms  of  uranium,  this  element  being  taken  as  a stand- 
ard. Professor  Curie  states  that  pure  radium  possesses 
one  million  times  the  radioactivity  of  uranium,  but  from 
the  rarity  of  the  substance  and  the  difficulty  of  obtaining 
it  in  a pure  form,  the  radium  compounds  which  have  so 
far  been  available  for  experiment  have  rarely  been  above 
a radioactivity  of  7,000.  The  quantity  of  radium  and 
radium  compounds  so  far  produced  has  been  exceed- 
ingly small  and  the  cost  is  very  great.  Professor  Curie 
states  that  it  would  take  five  thousand  tons  of  uranium 
residue  to  produce  a kilogram  of  radium  at  a cost  of 
about  §2,000  per  ton. 

Heat-Producing  Properties. — Radium  has  the  remark- 
able property  of  maintaining  its  temperature  at  about 
1.5°  C.  above  its  surroundings.  Heat  production  like 
light  production  from  radium  appears  to  he  made  with- 
out any  change  in  the  radium  and  without  any  loss  of 
weight.  This  remarkable  force  production  as  exhibited 
by  constant  heat  production  can  be  appreciated  when  it 
is  understood  that  radium  radiates  enough  heat  to  melt 
more  than  its  own  weight  of  ice  every  hour,  and  to  con- 
tinue, so  far  as  is  known,  this  force  production  for  an  in- 
definite period. 

Light  and  Fluorescence. — When  a tube  containing  ra- 
dium is  viewed  in  the  dark  it  is  seen  to  emit  a distinctly 
visible  light.  The  light  emitted  is  of  uniform  quality 
and  is  produced  indefinitely,  and,  so  far  as  is  known, 
without  any  change  in  the  radium  itself.  When  the  rays 
from  radium  are  directed  upon  the  double  cyanide  of 
platinum  and  barium,  tungstate  of  calcium,  and  certain 
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other  chemicals  which  fluoresce  under  the  action  of  the 
a-ray,  the  radiations  from  radium  cause  these  substances 
to  glow  with  a visible  light ; the  properties  of  the  radi- 
ations from  radium  in  this  respect  being  like  those  from 
the  *-rays.  A sufticient  quantity  of  radium  has  never 
been  obtained  to  allow  of  the  practical  use  of  the  fluores- 
cence so  obtained  in  the  way  in  which  the  fluoroscope  is 
used  with  aj-rays,  but  it  is  possible  that  with  a sufficient 
quantity  of  radium  a fluorescence  equal  to  that  of  the  ar- 
rays could  be  produced. 

Photochemical  Effects. — When  the  rays  from  radium 
are  directed  upon  a sensitized  photographic  plate  from 
which  all  ordinary  light  is  excluded  by  having  the  plate 
enclosed  in  a light-tight  envelope,  the  silver  salts  are 
reduced,  and  an  effect  similar  to  that  produced  by  the 
ai-rays  is  obtained. 

This  photo-chemical  effect  appears  to  be  identical  with 
that  produced  by  the  a’-rays,  except  that  either  from  the 
radiations  from  radium  being  less  powerful  in  photo- 
chemical effect  or  from  a sufficient  quantity  of  the  sub- 
stance not  being  used,  the  rays  have  not  as  great  pene- 
trating power.  Exposures  of  long  duration  produce 
outlines  of  the  human  hand  with  but  faint  indications  of 
the  bones. 

Like  the  fluorescent  effects  of  radium  the  photochem- 
ical effects  have  not  as  yet  been  made  of  practical  value. 
Practical  results  may,  however,  be  possible,  provided 
radium  can  be  obtained  in  sufticient  quantities  and  its 
action  can  be  properly  controlled. 

Vitochemical  Effects. — The  effect  produced  by  the  radi- 
ations from  radium  on  living  tissue  are  most  remarkable. 
These  effects,  in  certain  ways,  resemble  the  effects  pro- 
duced by  arrays,  but  appear  also  to  have  peculiar  prop- 
erties which,  so  far,  have  not  been  found  to  be  produced 
by  a:-rays.  Radium  rays,  like  a’-rays,  are  capable  of  pro- 
ducing “burns.”  The  discovery  of  this  effect  of  radium 
was  made  by  Professor  Becquerel,  who,  when  journey- 
ing from  Paris  to  London,  carried  in  his  waistcoat  pocket 
a small  tube  of  radium.  About  a fortnight  later  the 
skin  under  the  pocket  began  to  redden  and  fall  away, 
and  finally  a deep  and  painful  sore  formed  which  was 
several  weeks  in  healing.  Like  the  burns  produced  by 
the  a'-ray  these  pathologic  effects  of  radium  radiations 
do  not  appear  until  several  days  after  the  part  has  been 
exposed.  Many  other  iihportant  vitochemical  effects 
are  produced  by  the  peculiar  force  thrown  out  from  this 
remarkable  substance.  Becquerel  found  that  if  seeds 
were  exposed  for  a long  time  to  the  emanations  from 
radium  their  germinating  power  was  destroyed. 

M.  Banysz,  in  experiments  in  the  Pasteur  Institute, 
found  that  the  emanations  from  radium  produced  re- 
markable effects  upon  rabbits,  guinea-pigs,  and  other 
small  animals.  These  experiments  show  that  radium 
has  the  remarkable  power  of  so  interfering  with  organic 
processes  as  to  inhibit  growth  and  even  destroy  life.  A 
small  amount  of  radium  suspended  over  a cage  contain- 
ing mice  will,  after  a few  days,  cause  loss  of  hair  and 
blindness,  followed  later  by  death.  The  same  experi- 
menter reports  that  exposure  to  the  radiations  from 
radium  will  cause  arrest  of  development  in  certain  lower 
organic  forms.  He  exposed  the  larvae  of  Ephestia  kueh- 
niella  in  a glass  flask  to  the  emanations  from  radium  for 
a few  hours.  After  a few  weeks  it  was  found  that  most 
of  the  larvae  were  killed,  but  that  a few  had  escaped  the 
destructive  action  of  the  rays  by  crawling  into  distant 
corners  of  the  flask  where  they  were  still  living,  but  liv- 
ing as  larvae ; whereas  in  a control  flask  similar  larvae 
had  changed  into  moths. 

M.  Bohn  has  shown  that  radium  may  so  modify  vari- 
ous lower  forms  of  life  as  to  produce  “monsters,”  and  he 
has  caused  remarkable  deviations  from  the  original  type 
in  tadpoles  exposed  to  radium  emanations. 

The  vitochemical  effect  of  radium  seems  to  be  particu- 
larly expended  upon  the  skin  and  subcutaneous  tissues 
and  the  nervous  system.  Thus,  Danysz  reports  that  the 
application  of  a tube  containing  a salt  of  radium  to  the 
skin  produces  an  ulcer  in  from  eight  to  twenty  days. 
A few  moments’  application  produces  congestion  of  the 


human  skin.  When  applied  to  the  skin  of  a rabbit  de- 
struction of  the  epidermis  follows,  but  when  applied 
under  the  skin  there  is  only  a feeble  reaction  on  the  epi- 
dermis. Danysz  found  that  when  tubes  containing  ra- 
dium were  introduced  into  the  intestines  and  serous  cav- 
ities of  guinea-pigs  very  little  effect  was  produced,  but 
its  action  wgs  noted  upon  the  nerve  centres  of  all  animals 
subjected  to  experiment.  This  action,  however,  was 
comparatively  feeble  in  those  whose  osseous  tissues  pro- 
tected the  nerve  centres.  Application  of  tubes  contain- 
ing the  salt  to  the  cranium  caused  paresis,  ataxia,  and 
convulsions,  followed  later  by  death. 

Professor  Curie  introduced  a few  milligrams  beneath 
the  skin  of  a mouse  over  the  vertebral  column,  causing 
death  of  the  mouse  in  three  hours. 

The  rays  of  radium  have  a direct  effect  upon  the  optic 
nerve.  This  was  shown  by  Giesel,  who  found  that  when 
radium  salts  were  brought  near  the  closed  eyes  a sensa- 
tion of  light  was  produced.  This  is  attributed  by  Ham- 
mer to  phosphorescence  of  the  humors  of  the  eye  and 
also  to  effect  upon  the  nerves  of  the  retina.  Prof.  M. 
Javal  proposes  a diagnostic  use  of  this  phenomenon,  and 
suggests  that  blindness  with  alteration  of  the  retina  can 
be  distinguished  from  that  due  to  glaucoma  or  corneal 
opacity,  because  patients  with  the  latter  condition  see 
rays  from  radium  as  well  as  those  of  sound  vision,  while 
patients  who  have  alteration  of  the  retina  have  no  sensa- 
tion of  light  when  a salt  of  radium  is  placed  near  the  eyes. 

Therapeutic  Uses. — The  vitochemical  action  of  radium 
is  so  like  that  of  the  arrays  that  its  use  for  the  cure  of 
conditions  for  which  the  arrays  have  been  used  was  at 
once  suggested.  Experiments  seem  to  show  that  the 
vitochemical  action  of  the  rays  of  radium  are  much 
more  powerful  than  those  of  arrays.  There  seems  every 
probability,  when  radium  can  be  produced  in  sufficient 
quantity  and  its  action  properly  controlled,  that  it  will 
be  a valuable  therapeutic  agent.  So  far,  its  use  has  been 
mainly  confined  to  the  treatment  of  lupus,  epithelioma, 
and  superficial  skin  diseases.  Favorable  reports  of  re- 
sults of  its  use  in  these  diseases  have  been  given  by  a 
number  of  clinicians.  Danlos  reports  a case  of  lupus  of 
the  face,  exposed  to  the  action  of  a salt  of  radium  which 
had  a radioactivity  of  19,000  for  from  twenty  to  thirty- 
six  hours,  with  the  result  of  the  disappearance  of  the  dis- 
ease and  with  the  formation  of  a smooth,  white  cicatrix. 
Other  clinicians  have  reported  equally  favorable  results 
and  have  called  attention  to  the  good  effect  as  shown  by 
the  smooth,  soft,  and  white  resulting  scar. 

For  therapeutic  use  the  radium  compounds  have  in 
some  cases  advantages  over  the  a'-ray.  In  superficial 
diseases  of  the  skin  and  mucous  membrane  these  radium 
compounds,  being  enclosed  in  small  hermetically  sealed 
glass  receptacles,  can  readily  be  employed  as  therapeutic 
agents.  All  that  is  necessary  is  to  place  the  receptacles 
containing  the  compound  in  close  apposition  to  the  parts, 
so  insuring  a local  action.  Furthermore,  radium  com- 
pounds being  permanent  these  glass  receptacles  can  be 
used  for  an  indefinite  time  in  any  number  of  cases,  and 
this  apparently  with  more  surety  of  definite  results,  so  far 
as  tissue  reactions  are  concerned,  than  can  be  obtained 
from  the  radiations  from  .-e-ray  tubes. 

William  Cline  Borden. 

SKIN  AND  ITS  APPENDAGES:  ANATOMY. —The 

skin,  or  integumentum  commune,  of  the  body  acts  as  a 
covering  and  a protection  for  the  deeper  portions,  besides 
being  an  organ  of  secretion,  of  excretion,  of  special  sense 
— the  sense  of  touch, — of  common  sensation,  and  the  con- 
servator of  animal  heat.  Embryologically,  it  is  developed 
from  those  two  primitive  layers  of  the  blastoderm,  the 
ectoderm  and  the  mesoderm,  which  are  formed  by  the 
cellular  division  of  the  impregnated  ovule.  The  epider- 
mis, or  most  external  layer  of  the  skin,  is  formed  from 
the  ectoderm,  while  a superficial  portion  of  the  mesoderm 
furnishes  the  remaining  constituent  parts — the  corium,  or 
cutis  vera,  and  the  subcutaneous  or  fatty  tissue. 

General  Characteristics. — When  fully  formed  the 
skin  can  be  regarded  as  a completely  closed  sac,  which 
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